The Geology of the Early Precambrian Rocks of the Jasper Lake Area, Cook County, Northeastern Minnesota by Feirn, William Charles
THE GEOLOGY OF THE EARLY PRECAMBRIAN 
ROCKS OF THE JASPER LAKE AREA, 
COOK COUNTY, NORTHEASTERN MINNESOTA 
A THESIS 
SUBMITTED TO THE FACULTY OF THE GRADUATE SCHOOL 
OF THE UNIVERSITY OF MINNESOTA 
BY 
WILLIAM CHARLES FEIRN 
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS 
FOR THE DEGREE OF 
MASTER OF SCIENCE 
December, 1977 
\ 
FRONTISPIECE--VIEW OF JASPER LAKE FROM KNOB 




The rocks of the Jasper Lake area, located within 
the eastern Vermilion district in Cook County, north-
eastern Minnesota, represent the basal portion of a thick 
. (3500-6400 meters) metavolcanic-metasedimentary se-
quence. The area contains three dominantly igneous 
units: a greenstone unit, a pyroclastic unit, and an 
andesite intrusive unit. The rocks within the district 
were shown to have been complexly faulted and iso-
clinally folded by Gruner (1941). All units have been 
metamorphosed to greenschist facies. 
The oldest unit consists of predominantly massive 
metavolcanics (including basalt, diabase, andesite, and 
minor dacite) and herein is referred to as the Jasper 
Lake greenstone. The unit is linear in outline, 1000-
1500 meters thick, vertical, a.nd trends east-west. 
Based upon the presence of pillow structures and 
quench textures observed in the basalts at several lo-
calities, these rocks a're interpreted as subaqueous 
lava flows. Hypabyssal diabase and andesite-dacite 
intrusions within the flows were contemporaneous and 
probably consanguineous with them. 
The Jasper Lake pyroclastic unit, and the assoc-
iated Jasper Lake andesite, are believed to overlie 
the greenstone conformably, and are approximately 
vertical in attitude trending west-northwest. The 
pyroclastic unit consists of volcanic breccias, tuffs, 
and lesser amounts of conglomerate and graywacke-
argillite. Clasts range from 0.1 mm to 1.2 meters in 
diameter and are composed dominantly of porphyritic 
andesite with very minor amounts of basalt, dacite, 
and tuff. Some of the basaltic clasts may have been 
derived from the older greenstone unit. The presence 
of unsorted, angular to sub-rounded fragments within 
the unit suggest deposition by volcanic mudflows or 
lahars. 
The Jasper Lake andesite unit trends west-north-
west with largely vertical contacts, ahd is composed 
predominantly of porphyritic augite andesite with 
lesser amounts of massive, porphyritic hornblende and-
esite-dacite. The rock is typically fine-grained to 
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aphanitic, and locally vesicular to amygdaloidal, there-
by representing a shallow, hypabyssal intrusion which 
may have reached the surface locally. It exhibits 
chilled margins up to 50 meters wide and is subcon-
cordant with bedding indications in the surrounding 
pyroclastic unit. · 
These rocks are conformably overlain by a well-
bedded, graded gra.ywa.cke-sla.te unit at lea.st 1.6 km 
thick. 
The Saganaga. tona.lite batholith, dated at 2.7-
2.75 billion years old (Goldich, 1968), intrudes the 
greenstone unit a.long its northern margin. Locally, 
along the contact with the greenstone, the intrusion 
raised the grade of metamorphism to amphibolite facies 
along a. zone J0-60 meters wide. late retrograde 
prehnite-pumpellyite facies metamorphism also affected 
the rocks in this zone. 
The units ,of the Knife Lake Group, including the 
Ogishke conglomerate described by Gruner (1941), are 
vertical in attitude and trend northeastward, trunc-
ating the rocks of the Jasper Lake area on the west. 
These rocks contain Saganaga tonalite detritus, unlike 
the Jasper Lake units. The Ogishke conglomerate also 
locally overlies the Jasper Lake greenstone along the 
northwest margin of the greenstone. 
Two periods of folding have affected the area. 
Initial isoclinal folding of the Jasper Lake units 
along west-northwest-trending fold axes occurred con-
temporaneously with the Saganaga tonalite intrusion. 
A second period of folding produced deformation in the 
eastern Vermilion district, but apparently not within 
the Jasper Lake nnits. lThis episode involved folding 
a.long steep northeast-trending fold axes due to later 
rise of the Saganaga tonalite, after deposition of the 
Knife Lake units. 
iv 
Two periods of faulting, which post-date folding, 
have affected the area. Faulting within the Jasper 
Lake units along dominantly west-northwest trends 
occurred after the first folding episode during Sag-
anaga intrusion. The second period of faulting, trend-
ing northeastward, affected the entire eastern Ver-
milion district, and truncated the faults within the 
Jasper Lake units. 
Detailed study in the area indicates that the 
basalt-andesite-dacite suite of volcanic rocks at 
Jasper lake represent the oldest part of the regional 
volcanic pile, because of the lack of Saganaga detritus 
as in younger units, and suggest deposition in a 
setting similar to modern island-arc tectonic environ-
ments. 
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The area of study, approximately triangular in 
shape, consists of about 10 square kilometers in Cook 
and Lake Counties in northeastern Minnesota.. It is 
centered around Jasper Lake in the Boundary Waters 
Canoe Area of the National Forest, and is lo-
cated 62.5 kilometers northwest of Grand Marais, 
Minnesota (Fig. 1). Most of the area is located in 
T.65;-r., R.5W., and R.6w. within the Ogishkemuncie Lake 
7.5-minute quadrangle with small portions in the Ester 
Lake and Gillis Lake quadrangles to the north and east 
respectively. 
The area is most readily accessible by canoe via 
the Seagull Lake port of entry at the end of the Gun-
flint Trail. It is approximately a 10 kilometer trip 
from the Seagull Lake landing, west-southwest to Jasper 
Lake on the northeast edge of the map area. 
Statement of Problem 
The Jasper Lake area. is a contact zone involving 
several complexly interrelated Early Precambrian units 
(Plate 2). The majority of the area consists of three 
dominantly igneous uni-cs: a greenstone unit, a. pyro-
clastic unit, and an andesite intrusive unit. These 
units make up the basal portion of a thick (up to 6400 
1 
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FIGURE 1--LOCATION MAP OF THE JASPER LAKE AREA, 
cook COUNTY, NORTHEASTERN MINNESOTA 
N 
meters, Gruner, 1941) meta.volcanic-metasedimentary 
pile, · 'l'he Jasper Lake rocks are overlain by a.n upper 
dominantly meta.sedimentary portion of the pile which 
outcrops to the north, west, and south of the area. 
The Saganaga tonalite intrudes the greenstone unit to 
the northeast and contributed detritus to a portion of 
the surrounding upper portion of the pile. 
This study was initiated with three main ob-
jectives; (1) To examine in detail the complex struc-
tural and petrogenetic relationships between the Early 
greenstone, pyroclastic, and andesite in-
trusive units and the surrounding terrane. This will 
help to determine the origin and depositional environ-
ment of the pyroclastic unit and the mode of emplace-
ment of the Jasper Lake andesite intrusive, (2) To 
examine the contact metamorphism of the greenstone by 
the Saganaga tonalite. (J) To decipher the geologic 
history of the Jasper Lake area. 
Previous Work 
3 
The Jasper Lake area was first studied by Winchell 
(1900) who completed a general geologic map of Minn-
esota on a county basis. Distribution and gross re-
lationships of major rock units were mapped, with brief 
petrographic descriptions included, Clements (1903) 
summarized the complete stratigraphic, structural, and 
petrographic knowledge of the Vermilion iron-bearing 
district of northern Minnesota. The Jasper Lake area 
was interpreted as consisting almost wholly of Ely 
Greenstone and Ogishke conglomerate with a very small 
area of Knife Lake slates east of Jasper Lake. This 
study formed basis for a major structural study of 
the Knife Lake area in northeastern Minnesota under-
taken over 13 years by Gruner (1941). 
Gruner produced a geologic map at a scale of 
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3,520 feet to the inch of the eastern Vermilion district 
which showed the rock units as being divided into large 
fault-bounded structural provinces (Fig. 2). He estab-
lished the location of the main northeast-southwest-
trending fault bounding the west end of the Jasper Lake 
area and indicated the approximate vertical attitude of 
rocks elsewhere throughout the eastern Vermilion dis-
trict as well as around Jasper Lake. He also further 
divided the Knife Lake Group into 19 separate units 
although no specific petrography or mapping was done in 
the Jasper Lake area. 
\.. 
Grout, Sharp, and Schwartz (1959) conducted a gen-
eral study of the geology of Cook County and did some 
detailed work on the Saganaga tonalite. General 
petrology and structure were noted, and a few chemical 
analyses of various phases of the tonalite were com-
pleted. 
Goldich and others (1961), Hanson (1968), Tilton 
and Gruenfelder ( 19fJ8), Ha.rt and Davis (:1.969), Hanson 
SCALE 
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FIGURE 2--GENERALIZED MAP OF THE EASTERN VERMILION DISTRICT SHOWING 
GRUNER'S FAULT-BOUNDED PROVINCES (after Grunert 1941) 
V\ 
and others ( 1971), Weiblen, et al ,• ( 1971), and Catan-
zaro and Hanson (1971) have dated the Saganaga tonalite 
by Rb-Sr whole rock analysis, U-Pb ages on sphene, 
and U-Pb ages on zircon. All dates obtained suggest 
an age of 2700.to 2750 million years. 
Methods of Study 
Approximately 23 days during the summer of 1976 
were spent in the field. Mapping was done throughout 
the area by pace and compass traverse using 7.5-minute 
quadrangle base maps. The objective was to cover all 
outcrops in the area. Plate 2 is a geologic map of 
the area. 
Nearly 300 rock samples were collected. Ninety-
two samples were used for petrographic study. Modal 
analyses were accomplished by counting a.t lea.st 600 to 
1000 points per thin section. X-ray diffractometry 
wa.s used to identify some minerals. Slabs were stained 
for potassium feldspar content: Whole-rock chemical - - \. 
analyses of selected samples were done using atomic 
absorption methods by K. Ramlal at the University of 
Manitoba, Winnipeg, Canada. 
Clast and pebble counts of pebble types and num-
bers in the conglomerate samples of the pyroclastic 
unit using a 1 cm grid helped determine the environ-
ment of deposition and source area. of the unit. The 
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I NTRODUCTION TO REGIONAL GEOLOGY 
Definition 
The Vermilion district was defined by Clements 
(1903) as a narrow belt of metavolcanic and metasedi-
mentary rocks 160 km by 5-10 km that stretches from 
the vicinity of Tower, near Lake Vermilion in northern 
St. Louis County, northeastward to Saganaga Lake in 
northern Cook County on the International Boundary 
(Fig. J). It contains rocks which typify Early Pre-
cambria.n greenstone-granite complexes of the Canadian 
8 
Shield (McGlynn, 1970). These rocks are at least 2700 
million years old (Goldich, 1968, Jahn and Murthy, 1971) 
and are among the best studied and exposed of these 
complexes in northern Minnesota (Sims and Morey, 1972). 
The Jasper Lake area lies within the eastern part 
of the Vermilion district, defined here as the portion 
east of Knife The Saganaga tona.lite bounds the 
district on the while the Vermilion granite-
' migmati te massif and Giants Range gra.ni te lie to the 
northwest and south, respectively. The rocks of the 
Vermilion district, Vermilion ba.tholith, and Saga.naga 
tonalite continue a.cross the border into Canada. 
S _,_ T.. h 1,ra. ,i p.:rap .y 
The sequence of the ea.stern Vermilion district 
cons ists of complex interfingering litholbgies and 
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FIGURE 3--GENERAL GEOLOGIC MAP OF THE VERMILION DISTRICT (after Sims, 1972) 
\.() 
repetitions of rock types (Fig. 4). The rocks gen-
erally trend northeastward, and a.re steeply inclined, 
with top directions dominantly to the northwest as 
determined from graded beds and pillow structures. A 
reversal in trend occurs just east of Ogishkemuncie 
Lake, where the rocks strike northwestward, with 
primary structures indicating top direction generally 
to the southwest. At Jasper Lake the rocks strike 
east-west. 
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In the Jasper Lake area, the oldest known strata 
which forfu the base of the sequence are mafic, pre-
dominantly massive or pillowed meta.volcanics (i.e. 
met2.b2.sal ts, diabase, a.ndesi tes) which will be referred 
to as the Jasper Lake greens tone u.rii t. The eastward 
extension of this greenstone unit, the Chub Lake Vol-
canic Complex, is found in the Long Island Lake quad-
rangle approximately 10 km away (Morey, et al., 1968). 
The base of the unit has not been observed and is 
probably unexposed. 
The Jasper Lake greenstone unit is overlain by 
what is referred to as the Jasper Lake pyroclastic unit 
and the associated Jasper Lake andesite unit. Gruner 
(1941) described the pyroclastic u.riit as consisting of 
predominantly agglomerate, volcanic breccia, tuff, and 
lesser conglomerate containing clasts of hornblende 
andesi te. The a.ndesi te intrusive, ma.de up of 
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to be a volcanic flow interstratified within the pyro-
elastic unit and intruding parts of the greenstone. 
The structure and $tratigraphic correlation of these 
two units is uncertain, as they may represent either 
members of the Chub Lake Volcanic Complex to the east, 
older units of the Knife Lake Group cropping out to 
the west, or a unit distinct in age from either of the 
above. 
An unknown thickness of graywacke-slate conform-
ably overlies the pyroclastic unit. Gruner (1941) 
considered these rocks as part of the Knife Lake Group, 
although definite correlation with well-defined 
Knife Lake has been attempted. 
The units described above a.re stratigraphically 
overlain by a 3500-6400 meter thick sequence of dom-
inantly metagraywacke-slate and felsic volcaniclastic 
rocks (volcanic breccias, tuffs, agglomerates) which 
comprise the Knife Lake Group (Gruner, 1941). These 
complexly interlayered rocks are roughly equivalent 
lithologically to the Lake Vermilion Formation in the 
western pa.rt of the district (Morey and others, 1970), 
both of which contain scattered lenses of pillowed or 
massive ma.fie volcanic rocks, da.citic tuffs, agglomerates, 
and porphyries, and a large thickness of meta.graywacke-
1 ' s_a.i:e. 
The Sagana.ga. ba.tholith intruded this meta.volcanic-
meta.sedimentary sequence, and was also unroofed and 
eroded during Knife Lake time. This is indicated by 
the presence of clasts of Saganaga tonalite as well a.s 
greenstone in the conglomerate units interbedded with 
gra.ywackes and tuffs of the Knife Lake Group. 
Also, during the Algoman orogeny, granitic rocks 
' 
of the Vermilion and Giants Range ba.tholiths intruded 
rocks of the Vermilion district contemporaneously with 
regional deformation (Sims and Morey, 1972). 
A thin, patchy veneer of glacial deposits covers 
some areas in the eastern Vermilion district. 
Lithology 
Ja.suer Lake Greenstone 
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Morey, et al. (1971) described the eastern portion 
of this greens tone unit, kno¥m a.s the Chub Lake Volcanic 
Complex, as consisting of 60 percent metaba.salt and 
associated fragmental rocks, JO percent meta-andesitic 
agglomerate, conglomerate, tuff, and flows, and 10 per-
cent metagraywacke and slate. Over 90 
\ 
percent of the meta.basalt is extrusive, cormnonly ex-
hibiting pillow structures with top directions mainly 
facing to the south. It is intruded by several tabular 
bodies of meta.diabase. Epiclastic and lesser pyro-
elastic rocks are locally intercalated with the meta-
basalts, The pyroclastics are commonly crudely bedded 
and graded, whereas the epiclastics possess pebble- to 
silt-size clasts of metadiaba.se in a finer grained matrix. 
Jasper Lake Pyroclastic Unit 
Gruner (1941) referred to this unit as a green-
stone conglomerate or agglomerate, containing predom-
inantly angular to suba.ngular, 1 mm to 60 cm in dia-
meter fragments. The fragments are slightly different 
in color from the matrix and consist of two types: 
porphyritic hornblende andesite and dense a.phanitic 
andesite. The rocks show almost no visible bedding or 
banding. 
Jasper Lake Andesite Unit 
No detailed description of this unit has been 
made. Gruner (1941) referred to it as a hornblende 
andesite porphyry flow but gave no further details as 
to its mineralogy. 
Gra.ywacke-Slate 
The graywacke-slate in this area. was described by 
Gruner in 1941 as a brownish-gray weathering, highly 
bedded and banded rock. The rock is gray on a fresh 
surface showing considerable graded bedding indicating 
top directions predominantly to the south. The average 
thickness of the layers was estimated to be one-half 
inch. 
Saganaga Batholith 
The Saganaga batholith, at the far end of the 
eastern end of the district, is a composite intrusion 
14 
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and consists of several roclc types (Hanson and Goldich, 
1972). The dominant phase is a gray, medium to coarse-
grained tonalite, although the composition ranges from 
granodiorite to hornblende diorite at its margin. It 
is characterized by large (about 1 cm across) quartz 
aggregates that resemble phenocrysts, known as quartz 
'eyes'. The tonalite intrudes the mafic volcanics and 
the lower Knife Lake Group and is overlain by the upper 
volcanic-sedimentary sequence. More detailed discus-
sion of the structure and petrography of the Saganaga 
batholith is presented by doldich, et al. (1972) and 
Hanson and Goldich (1972). 
Knife Lake Group 
Gruner (1941) divided the Knife Lake Group into 
19 lithologic units, most of which are either epi-
clastic or volcaniclastic. These rocks all show evi-
dence of volcanogenic origin. In approximate order of 
decreasing abundance, they are: graywa.ckes, slate, 
agglomerate, conglomerate, and tuffaceous sandstone. 
Gruner gave brief field descriptions of all 19 units, 
The igneous rocks, which comprise the remainder of the 
group, include basalt flows and intrusions and porphy-
ritic andesites , which are either flows or intrusive 
rocks (Sims, 1972). 
The volcanic rocks and their derivative graywacke-
type sedimentary rocks comprise a thick, complex vol-
canic pile that is grossly similar to the other green-
stone belts in the Superior Province (Goodwin, 1968). 
In those areas that have been studied, the sedimentary 
rocks were derived largely from reworked dacitic pyro-
clastic deposits, rather than epiclastic deposits, and 
laid down in adjacent basins by turbidity currents 
(Ojakanga.s, 1972). But the presence of Saganaga. ton-
a.lite and greenstone clasts in conglomerates of the 
Knife Lake Group indicate at least local weathering 
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and erosion of once consolidated material (Gruner, 1941). 
Quaternary Deposits 
Glacial drift covers relatively few parts of the 
eastern Vermilion district, but does reach several 
feet of thickness in some areas. Many outcrops, 
especially a.long lake shores show good glacially pol-
ished and grooved surfaces. Seventeen measured stria-
tion directions, all within the Jasper Lake area, oc-
cur within a span of E to N 30° E. 
Structure 
Folds 
In the eastern Vermilion district, at least two 
generations of folding can inferred from Gruner's 
geologic map (1941). The metavolcanic-metasedimentary 
rocks in this area trend in two major directions, 
northwest and east-northeast. These trends reflect 
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the presence of an older northwest-trending generation 
and a younger northeast-trending generation. The rocks 
on the south side of the Saganaga batholith a.re inter-
preted as being affected by the older fold generation, 
either prior to or contemporaneous with intrusion of 
the batholith (Sims, 1972). They strike N 60-70° W, 
and are deformed into tight westward-trending fold axes, 
referred to as part of the Agamok Synclinorium (Gruner, 
1941). This northwest-trending segment is truncated 
on the northwest by rocks folded on northeast-trending 
axes. These folds are tight to close, plunging south-
eastward, and are interpreted as having been folded 
during or after the late stages of emplacement of the 
Saganaga batholith (Gruner, 1941). These collectively 
have been referred to as the Knife Lake Synclinorium 
by Gruner. The later northeast-trending fold generation 
is by far the dominant type, and overprints any older 
fold generations in the 
Faults 
The Vermilion district is cut by several dominantly 
east- and northeast-trending, high-angle longitudinal 
faults which divide the area into structural belts or 
segments (Gruner, 1941, Sims and ot'Lers, 1968)(Fig. 2). 
In places, these faults cut out huge thicknesses of 
both the upper and lower parts of the metavolcanic-
metasedimentary sequence. These large displacements 
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and the rapid lateral facies changes make it nearly 
impossible to correlate rocks from one fault block with 
another (Gruner, 1941). The faults roughly parallel the 
regional strike of the strata, making estimation of 
displacement extremely difficult. Gruner (1941) has 
estimated fault displacements in miles horizontally 
(up to 3-4 miles or 5-6.5 kilometers), and thousands 
of feet vertically (up to 10,000 feet or 3,050 meters). 
Several smaller transverse faults with much smaller 
disnlacements vary iri trend and cross-cut the main 
faults. 
All Early Precambrian rocks of the district were 
affected by the faulting, which largely occurred sub-
sequent to intrusion of the batholiths approximately 
2.7-2.75 billion years a.go (Goldich, 1968, Jahn and 
Murthy, 1971). 
Metamorphism 
The rocks in the Vermilion district contain 
mineral assemblages of dominantly greenschist facies 
metamorphism as defined by Turner (1968). Adjacent to 
batholithic intrusions, e.g. the Saganaga batholith in 
the eastern Vermilion district, and near some faults, · 
amphibolite facies is reached (Sims, 1972). 
DESCRIPTION OF THE JASPER LAKE UNITS 
General Characteristics and Relationships 
The three units of the Jasper Lake area are ap-
proximately vertical in attitude and trend west-north-
west. 
The Jasper Lake greenstone is linear in outline 
and extends from SE Sec. 7 to NW Sec. 21 in T.65N., 
R.SW. It is approximately 5 km long and 1 km wide and 
comprises the northern one-third of the map area. The 
greenstone represents approximately 1000-1500 meters 
of continuous stratigraphic thickness. 
The Jasper Lake pyroclastic unit comprises ap-
proximately 5 km2 of area directly south of the Jasper 
Lake greenstone unit. It stretches from the northern 
poriion of Sec. 18, T.65N., R.5W. to just north of 
Mueller Lake in the SEt of Sec. 26, T.65N., R.5W. 
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The Jasper Lake andesite is a flattened horseshoe-
shaped intrusion cente:ted a.round Jasper Lake which in-
trudes the pyroclastic , unit and also clearly cross-cuts 
the greens tone in the l'TVJ% of Sec. 21, T. 65N., R. 5Vl. It 
is roughly 1.6 km wide a.cross the middle of the horse-
shoe, and 4 km long and located predominantly within 
the southern portion of Sections 17 and 18, and the 
northern portion of Sections 19, 20, and 21 in T.65N., 
R 5;•! .. . ' .. 
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These units crop out either as high, massive and 
t 
blocky, resistant knobs and roche moutonnees or as low, 
flat, glacially hewn surfaces mostly around lake shores. 
t 
Away from the lakes, these roche moutonnees reach up to 
35-55 meters high. Outcrops are scant and are generally 
covered by water or heavy vegetation, thus hampering 
observation. 
Contact Relationships 
The northeastern side of the greenstone has been 
intruded by the Sa.ga.naga batholith. The contact is 
characterized by a JOO-J50 meter wide zone of a network 
of branching tonali te and quartz-rich veins ·within the 
greenstone unit (Plate J). Farthest out from the con-
tact, the veins a.re composed mainly of quartz. The 
veins range in width from hairline to 2 meters and are 
composed of coarse-grained, light-greenish tonalite 
nearest to the main tonalite body with increasing a-
mounts of fine-grained, pinkish to whitish-green, hair-
line quartz-epidote veins about 350 meters away. The 
greenstone is fine-grained to medium-grained in this 
contact zone, and apprears recrystallized up to 50 
meters from the tonalite batholith at some localities. 
Poorly developed vertical foliation, subpara.llel to the 
contact zone, is evident locally within 5 of the 
intrusive body. 
To the north, the greenstone unit is intruded by 
two small, remnant a.pophyses of the Sagana.ga. tonali te. 
PLATE )--NETWORK OF BRANCHING TONALITIC VEINS 
INTRUDING METABASALT WITHIN THE 
GREENSTONE-SAGANAGA TONALITE CONTACT 
ZONE IN SEt, Sec. 7, T.65N •• R.5w. 
21. 
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They intrude the greenstone in the same gradational 
network-like pattern as the main body, but the contact 
zone is only 1-3 meters wide. 
The greenstone and adjacent pyroclastic unit to 
the south are separated by a west-northwest-
trending, high-angle fault trending from west central 
Sec. 18 to of Sec. T.65N., R.5W. Here, this con-
tact is characterized by intense shearing of the ad-
jacent units, iron-staining, and development of pyrite 
(Plate 4). General discordance in the bedding trends 
of both units also suggest a faulted contact in this 
area. 
The nature of the original contact between the 
greenstone and pyroclastic rocks is unknown. However, 
a conformable relationship is noted in at least one 
locality on the north shore of Jasper Lake in east 
central Sec. 18, T.65N., R.5W. Here, a small sliver of 
greenstone occurs south of the east-west-trending 
fault; it apprears conformable with vague bedding in 
the pyroclastic unit. 
The previously described fault, along with the 
greenstone and pyroclastic units, are truncated to the 
west by northeast-trending strata. Here the Jasper 
Lake units are brought into contact with younger Ogishke 
conglomerate strata of the Knife Lake Group by a north-
east-trending, high-angle, longitudinal fault with 
large (J-4 km) displacement indicated (Gruner, 1941). 
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PLATE 4--HIGHLY SHEARED VOLCANIC BRECCIA WITHIN 
THE FAULT CONTACT BETWEEN THE JASPER 
LAKE PYROCLASTIC AND GREENSTONE UNITS 
WITHIN l'P:'li, Sec. 18, T.65N., R.5W. 
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The contact is highly sheared and characterized by 
minor amounts of fault gouge and pyrite. At the northern 
extent of the area, just east of the northern tip of 
Redpoll Lake, in the central part of Sec. ?, 
R.5W., the fault becomes a weak, poorly defined shear 
zone which seems to terminate to the northeast. To the 
ea.st of this area, in the of Sec. ?, the Ogishke 
conglomerate unconforma.bly overlies the greenstone. 
The actual contact is not exposed, but is believed to be 
unconformable because of the discordant northeast trend 
of the conglomerate strata. across the fault. 
The Jasper Lake andesite exhibits chilled margins 
up to 50 meters wide in some areas, notable south of 
Ray Lake in the northern portion of Section 20, T.65N., 
R. 51,·1. The actual intrusive contact with adjacent uni ts 
is observed in only two outcrop areas: the west-central 
and central parts of Section 20, T.65N.; R.5W., south 
of Ray Lake. In these areas, the andesite grades from 
a dark green, porphyritic augite andesite with a fine-
grained groundmass, to a massive, nearly black, fine-
2'.ra.ined andesite with a nearly apha.nitic groundmass 
within 2-50 meters of the contact. 
The contact, where observed, is sharp, and ap-
proximately vertical in attitude, roughly parallel to 
bedding in the surrounding pyrocla.stic unit. The an-
desi te which penetrates the greenstone unit in the 
eastern end of the area is almost completely a massive, 
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dark green to black, fine-grained variety. 
The southern contact of the pyrocla.stic unit v.,ri th 
the graywacke-sla.te unit is irregular, as mapped by 
Gruner (1941). In this study, it was examined in only 
one locality south of Skindance Lake within the ]\f\\Ti, 
Sec. 25, T.65N., R.5W. Although the actual contact is 
not exposed in this area, a discordance in bedding 
trend was observed. However, since the topping direc-
tions of the graywacke-slate unit are dominantly to the 
south away from the contact, and "the unit is folded 
a.long west-northwest axes (Ojakangas, personal com-
munication, 1977), the contact is believed to be con-
formable. 
Macroscopic Description 
Jasper Lake Greenstone 
The greenstone is composed of dominantly massive 
extrusive meta.basalt and lesser intrusive metadiabase 
together with minor occurrences of laminated tuff and 
intrusive andesite to dacite. These rocks, as a whole, 
a.re characteristically light to dark green on the 
weathered surface with frequent light tan to reddish 
iron-staining, and dark green to black on fresh surfaces. 
r_Phe meta.basalts, a.ndesites, and dacites are typically 
fine- grained to a.pha.nitic, whereas the meta.diabase 
ranges from fine-grained to coarse-grained. Except for 
pillowed or quench texture horizons, no attempt 
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was made to trace out single meta.basalt or meta.diabase 
units because of limited outcrop, effects of local 
faulting, and apparent lenticularity of the units. 
The andesites and dacites are commonly porphyr-
itic and most ryotably located within two small 10-50 m2 
areas within the metabasalt in the NW% and north-central 
portion of Section 18, T.65N., R.5W. (Plate 2). They 
contain 1-40% plagioclase phenocrysts 2-3 mm long which 
protrude slightly on the weathered surface. Da.cites 
contain 10-15% quartz grains up to 2 mm across. The 
andesites and dacites have an irregular extent and 
grade within 3-5 meters from 40% phenocrysts near their 
central area. to 1% phenocrysts at the margin next to 
metabasa.lts. 
A small, coarse-grained, tonalite-diorite stock 
or plug, approximately 10-20 m2 in exposed area, intrudes 
the greenstone in the Sec. 18, T.65.N., R.5W. just 
north of the Jasper Lake-Kingfisher Lake portage. It 
is observed in only a few small rubbly outcrops which 
'-
are highly sheared. Its contact with the surrounding 
greenstone is unfortunately not exposed. 
Pillow structures a.nd quench textures, together 
with rare bedding in tuffs, indicate that the green-
stone is vertically inclined, trending west-northwest, 
with top directions to the southwest, and was deposited 
in water. 
At four localities, three along the northeast 
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shore of Jasper Lake in west-central Section 17, T.65N., 
R.5W., and one along the southwest shore of Tern Lake 
in the central part of Section 17, T.65N., R.5W., pil-
low structures are observed similar to those described 
by Green (1970), Naldrett and Mason (1968), and Viljoen 
and Viljoen (1969). On Jasper Lake, the pillows are 
smoothly rounded and measure approximately 0.2 m by 
0.3 m up to 0.6 m by 1.0 m, but are generally quite 
variable in size (Plate 5). The chilled rinds of these 
pillows range from 1 to 2 cm in thickness and are typ-
ically reddish-brown in color. In one outcrop, pil-
lows were observed resting on a 0.5-2.0 meter thick 
tuffaceous unit (Plate 6). At Tern Lake, pillow rinds 
of the same dimensions occur. They give top directions 
to the east-northeast but may be deformed because of 
the irregular shape of the rinds. 
The tuffaceous rock is dark green and finely 
bedded with beds up to 2 cm thick which could be traced 
no more than 2-J . meterq within -the outcrop. 
' 
The only quench texture observed in outcrop is 
located approximately 200 meters north of Kingfisher 
Lake in the :NW±, Sec. 18, T.65N., R • .5w., on the north 
' side of a steep glacial roche moutonnee (Plate ?). 
The lower J-4 meters is represented by lineated, dark 
green chlorite, which has replaced pyroxene needles 
up to 10 cm long , which trend N 10-20° E. The lineations 
of the needles bend and change direction and a.re 
• 
PLATE 5--PILLOW STRUCTURES ON THE NORTHEAST 
SHORE OF JASPER LAKE IN NORTH CEN-
TRAL Sec. 17, T.65N., R.5W. 
PLATE 6--PILLOW RINDS UP TO 2 CM THICK OF 
PILLOWS RESTING ON A TUFFACEOUS 
LAYER IN THE CENTRAL PORTION OF 
Sec. 17, T.65N., R.5W. 
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PLATE ?--·QUENCHED UPPER PORTIONS OF BASALTIC 
LAVA FLOWS OVERLAIN BY THE BASE 
OF A l\'l.ASSIVE LAVA FLOW. PEN SHOWS 
THE BASE OF THE JVl.ASSIVE LO-
CATED NORTH OF KINGFISHER LAKE IN 
NWz, Sec. 18, T.65N., R.5w. 
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interrupted at distinctive intervals up to 10 cm wide, 
where the needles appear broken (cf. Plate 7). 
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The rocks composing the greenstone unit are com-
monly sheared, especially near contacts, and contain 
ubiquitous, irregular, qua.rtz-epidote or quartz-calcite 
veining up to 1 cm wide. 
Jasper Lake Pyrocla.stic Unit 
The pyroclastic unit is predomiriant1y composed· of 
volcanic breccia and tuff with lesser volcanic conglom-
erate and metagraywacke or argil.lite .. These rocks, as 
a whole, display a massive, blocky character with gen-
erally variable fissility observed in tuffs and especial-
ly in meta.gra.ywacke-argillite units. These rocks range 
from light ta.n to dark green to gray on weathered sur-
faces and are typically light green or gray on fresh 
fractures. Reddish-brown iron-staining of the rock is 
often observed, especially in shea.r zones. 
Bedding indications within the various units in-
dicate the beds a.re vertical and folded along a west-
northwest trend (Plate 2). Graded beds within 
tuffaceous lenses in the unit indicate top directions 
dominantly to the south with intermittent alternations 
which indicate minor folding. A minimum of 800-1000 
meters in thickness is estimated for the sequence from 
the exposed extent of vertical strata. 
Volcanic breccias within the unit are generally 
massive, locally with poorly developed stratification, 
and are composed of fragments which are unsorted and 
range from angular to subrounded in shape. Although 
the volcanic breccias are recognized quite easily in 
outcrop by negative weathering impressions of the vol-
canic fragments (Plates 8 and 9), in many cases frag-
ments are difficult to recognize, as they blend into 
the matrix material causing the rock to apprear to be 
a massive tuff or andesite. 
The fragments of the volcanic breccias vary both 
in size and composition. They range from fine ash 
particles to blocks (up to 85 cm across) according to 
the classification by Fisher (1961)(see Table 1). In 
order of decreasing abundance, the fragments are com-
posed of: porphyritic andesite, dacite, basalt, tuff, 
and rare gra.ywa.cke-argillite. 
The tuffaceous rocks are found as small, scatter-
ed lensoid to lenticular sheets and tabular bodies 
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interbedded within the volcanic breccia units (Plate 10). 
\. 
They range from light to dark green and from fine-
grained to aphanitic, and commonly grade into volcanic 
breccia. Generally the tuffs a.re finely laminated with 
typically parallel lamina up to 2 cm thick. They oc-
casionally display wispy, discontinuous laminations in 
some areas, and graded and convoluted beds in others . . 
Volcanic conglomerates are relatively scarce and 
were found only as isolated lenses in the west-central 
PLATE 8--NEGATIVE WEATHERING IMPRESSIONS OF 
FRAGMENTS OF VOLCANIC BRECCIA FROM THE 




PLATE 9--LARGE, UP TO 1 METER BI·OCKS OP PORPHY-
RITIC ANDESITE IN A VOLCANIC BRECCIA 
FROM TICKLE LAKE IN SEt, Sec. 1), 
T. 6 5N., R. 6W. 
J2 
JJ 
TABLE 1--ESTilV'iATES OF Tl-B PERCENTAGE OF 
SIZES WITHIN THE YOLCANI8 BRECCIAS OF · 
THE JASPER LAKE PYROCLASTIC UNIT. PER-
CENTAGES OF .·FRAGMENTS AHE OF TP...E ENTirtE 
UNIT. SIZE OF FRAGMENTS AHE CLASSIFIED 
ACCORDING TO THE CLASSIPIGATION OF 
FISHER (1961). 
Size (nun) Fisher ( 1961) Percent of 
terminology fragments 
Coarse 





Coarse ash 10% 
0.0625 .. 
Fine ash 5% 
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PLATE 10--FINELY LAMINATED TUFFACEOUS LAYERS 
WITHIN THE JASPER LAKE PYROCLASTIC 
UNIT FROM TICKLE LAKE IN SEt, Sec. 1J, 
T.65N., R.6W. 
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part of Section 18, T.65N., R.5W., on the far northwest 
side of Jasper Lake, and the southeast shore of King-
fisher Lake. These lenses are generally up to 50 meters 
in thickness and pinch out at both ends within 100-150 
meters. All the volcanic conglomerates are moderate-
ly to highly sheared with foliatad matrix material wrap-
ping around the clasts. The clasts range from grit to 
boulder size (20 cm long) and are sub- to well-rounded 
(Plate 11). Eight pebble counts of serial-sectioned 
slabs of two samples were completed. In order of de-
creasing abundance, the cla.sts are composed of: por-
phyritic andesite, massive (non-porphyritic) andesite, 
metabasalt or greenstone, graywacke-argillite, tonalite, 
and minor dacite, quartz grains, and unidentified mafic 
clots. Bedding is absent or poorly developed in the 
volcanic conglomerates. 
Graywacke-argillite strata are observed in two 
localities in the area: along the faulted contact zone 
with the greenstone in the SEt; Sec. 18, T.65N., R.5W., 
\, 
and in a small 5-10 outcrop south of Skindance Lake 
Sec. 25, T.65N., R.5W.). The argillites are 
typica.lly finely laminated (up to 3 mm), and exhibit 
extreme fissility along bedding planes. The laminae 
are generally flat and parallel, but are also convoluted 
south of Skindance Lake, and offset (up to 2 cm) in 
some specimens by minor fault movement. Minor cross-
laminations a.re also occasionally observed in the gray-
wacke-argillite near the greenstone contact. 
PlATE 11--FLOAT BOULDER OF SHEARED VOLCANIC CON-
GLOMERATE WITH ANGULAR TC SUB-ROUNDED 
VOLCANIC CLASTS UP TO 20 CM LONG FROM 
KINGFISHER LAKE IN WEST CENTRAL Sec. 
18, T.65N., R.5W. . 
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Jasper Lake Andesite 
The andesite unit consists mainly of porphyritic, 
fine-grained to aphanitic pyroxene andesite, and lesser 
amounts of porphyritic plagioclase and . hornblende an-
desite to da.cite. Compositions are gradational within 
the unit and massive, non-porphyritic varieties are oc-
casiona.lly observed. These rocks, in general, a.re 
light to dark green on both weathered and fresh sur-
faces, and are very massive and blocky in outcrop. 
The dominant lithology recognized in outcrop con-
sists of up to equa.nt augite phenocrysts which a.re 
0.5 to 1.0 mm long, within a fine-grained a.ndesite 
matrix. In another fa.cies of the a.ndesite, pla.gioclase 
and hornblende phenocrysts are observed as tabular 
crystals 2-3 mm long which comprise up to 45% of the 
rock and typically occur to the exclusion of augite. 
The andesite contains wide chilled margins in a. few 
localities. The rock also becomes slightly sheared 
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near its contacts in some areas, but this is not chara.c-
' 
teristic. 
In a few a.rea.s, notably the NE:L Sec. 19, and the 
SEi, Sec. 18 in T.65N., R.5W., the andesite is a.mygda-
loidal. The amygdules are up to 3 cm across and ir-
re gular in shape, and are typically filled with calcite, 
chlorite, or quartz. 
Minor, irregular hairline quartz-calcite veins 
cross-cut the rock in scattered locations. 
Description 
Jasper Lake Greenstone 
Extrusive Metabasalt 
JS 
;.'ii thin the Jasper Lake greens tone, the metabasa.l ts 
make up 75% of the unit. In thin section, 5 of the 20 
specimens of meta.basalt examined displayed quench tex-
ture. The rocks are typically massive, fine-grained 
to aphanitic, and rarely contain amygdules. Irregular 
quartz-epidote to quartz-calcite-epidote veins, up to 
0.3 mm wide, are observed in almost all specimens. 
Even the freshest metabasalt contains very few 
primary minerals. The greenstones are composed largely 
of a metamorphic assemblage and contain: plagioclase, 
actinolite or hornblende, epidote, rare relict augite, 
magnetite, chlorite, calcite-ankerite, apatite, pyrite, 
sphene, leucoxene, prehnite, pumpellyite, rare quartz, 
and possible zircon and rutile. 
Plagioclase ranges from trace amounts to 45% of 
the rock and occurs as tabular crystals 0.3-3.0 mm long. 
It is rarely twinned and generally extremely altered to 
sericite, epidote, actinolite, chlorite, and calcite. 
Plagioclase composition was determined by the Michel-
Levy method on a few albite twins and was found to be 
albitic, in accordance the adjacent assemblage. 
The grains are generally discrete with some poikilitic 
growth around actinolite pseudomorphs. 
Actinolite and hornblende vary from J0-84% of the 
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rock. The highly pleochroic green to brown crystals 
were identified as hornblende and the pale green crystals 
as a.ctinolite. Actinolite is typically the predominant 
ma.fie mineral except within 30-60 meters of the Saganaga. 
tonalite body where metamorphic hornblende is the major 
ma.fie constituent. Actinolite generally occurs as 
prismatic to fibrous crystals as pseudomorphs of pyroxene 
and plagioclase 0.3-3.0 mm long (Plate 12). In some 
specimens, notably KL-6 and JL-27 (Plates 13 and 14), 
the actinolite and plagioclase needles are greater than 
3 cm long and form beautiful feathery, radiating, bow-
tie and fan-shaped, quench textures. Rarely, relict 
augite cores, which a.re a.nhedral and up to O.J mm long, 
are recognizable within some a.ctinolite needles. Horn-
blende also occurs as euhedral, prismatic grains. 
Epidote and chlorite a.re generally closely assoc-
iated with actinolite and hornblen.de and range from 
trace amounts to 15% of the rock. They occur both as 
alteration products wit[iin plagioclase, actinolite, and 
hornblende grains, and randomly replacing large portions 
of apha.nitic groundma.ss material. Epidote varies from 
a.nhedral to subhedral grains 0.1 mm long to subhedral 
prisms up to 2 cm long within actinolite needles in 
quench-textured rocks. Chlorite is observed as fibrous 
aggregates (up to 0.1 mm) and amorphous masses inter-
stitial between most other grains. Both epidote and 
chlorite contain a brownish amorphous material 
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PLATE 12--PHOTOMICROGRAPH CF METABASALT W!TH 
ACTINOLITE PSEUDOMORPHS AFTER PYROX-
ENE (AUGITE) - Sample JL-101, N. CEN-
TRAL Sec. 17, T.65N., R.5W. 
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PLATE 1J--PHOTCMICROGRAPH SHOWING ACTINOLITE 
NEEDLES PSEUDOMORPHIC AFTER QUENCHED 
AUGITE WITH RELICT AUGITE CORES IN 
A METABASALT - Sample KL-6 F'ROM 
NWi, Sec. 8, T.65N., R.sw. 
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PLATE SHOWING QUENCHED- PLAG-
IOCLASE NEEDLES RADIATING FROM EQUANT 
ACTINOLITE CRYSTALS - Sample JL-27 
N. CENTRAL Sec. 17, T.65N., R.5W. 
(probably iron oxides or leucoxene) which makes up a 
portion of the groundmass (5-10%). 
Accessory minerals such as opaques, leucoxene, 
apatite, sphene, zircon, and rutile generally make up 
42 
from trace to 1% of the total rock composition. 
Opaque oxides are most abundant, making up to 1% of the 
rock, commonly a.s 0.1-0.5 mm euhedral magnetite crystals. 
It is randomly distributed throughout the groundrnass 
and sometimes occurs within actinolite pseudomorphs 
after augite. Magnetite is typically altered to fine-
grained leucoxene and iron oxides. Apatite, sphene, 
zircon, and rutile occur as euhedral to subhedral 
prisms, less than 0,1 mm long, in trace a.mounts inter-
stitially or within feldspar laths. 
Other secondary minerals, including pyrite, 
calcite-ankerite, and quartz range from trace amounts 
to 10% of the rock. Pyrite is observed as small cubes 
up to 0.1 mm across, and subhedral equant grains within 
the groundmass. . Calcite and minor ankeri te occur as an-
. \ 
hedral masses replacing portions of the rock in a patchy 
distribution. They rarely comprise over 1% of the rock 
except within 10-20 meters of faulted contacts where 
they locally comprise up to 80% of the rock. Generally, 
calcite-ankerite preferentially replaces groundmass 
material and plagioclase grains. Quartz is found as 
a.nhedral equant grains up to 0.5 mm long within the 
groundmass. It sometimes comprises nearly 10% of the 
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rock as cavity fillings and replacement of original 
groundmass material. This occurrence of quartz is often 
closely associated with the occurrence of quartz-rich 
veins which cross-cut the rock. 
Prehnite is rare in the greenstone unit. Small 
radial masses of needly crystals and anhedral massive 
grains approximately 0.1-0.2 mm long a.re preserved in a 
few specimens. The occurrence of prehnite is closely 
associated spatially with prehnite-bearing quartz-rich 
veins near the Saganaga tonalite • . 
Veining in the metabasalts ranges from hairline 
quartz-epidote, quartz-calcite, quartz-calcite-epidote, 
or calcite veins up to 2 meters wide as well as ton-
a.lite veins and dikes adjacent to the Saganaga tonalite. 
The veins a.re irregular and increase in size and num-
ber as the Saganaga batholith is approached. Within 
100 meters of the intrusion, the veins are chiefly com-
posed of quartz, plagioclase, epidote, and minor ortho-
clase, prehnite, and calcite grains. The veins exhibit 
a well-developed "comb" structure indicating crystal 
growth from the margins inward. The gra.in size ranges 
from 0.1 to 0.6 ·mm in length. With increasing distance 
from the intrusion, feldspars and prehnite a.re lost and 
quartz and calcite predominate. In some areas, especial-
ly farther from the intrusion, the veins are almost 
wholly calcite-quartz or quartz-chlorite-calcite. 
Near fault contacts the percentages of calcite (with 
minor quartz, magnetite, and chlorite) in the veins 
drastically increases, and calcite forms 80-90% of the 
veins. 
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VTi thin 100-200 meters of fault contacts metabasal t 
mineralogy cha:o.ges drastically, causing almost complete 
obliteration of pre-existing minerals and textures. 
The rocks a.re fine-grained to aphanitic and are almost 
completely replaced by calcite and chlorite aggregates 
in a very irregular, patchy distribution. Calcite and/or 
ankerite comprise up to 80% of the rock in anhedral 
masses and aggregates up to 1 mm long. Approximately 
J0-45% of the rock is composed of fibrous to massive, 
fine-grained chlorite aggregates less than 0.1 mm across. 
The remainder of the rock is comprised of up to JO% 
relict pla.gioclase (to 2 mm needles), actinolite (to 
0.5 mm), magnetite (less than 0.1 mm euhedral prisms). 
A large number of irregular quartz-calcite veinlets 
up to 3 mm thick also cross-cut the rock. 
\ 
Intrusive Metadiabase 
The remaining 25% of the Jasper Lake greenstone is 
composed of light to dark green, fine- to coarse-
gra.ined meta.diabase. Good ophitic texture is still pre-
served in most "fresh" specimens. From examination of 
five thin sections the major constituents are the same 
as in the meta.basalts. 
Plagiocla.se constitutes from 15-50% of the 
45 
metadiabases and occurs as large, anhedral to euhedral 
laths, 1-10 mm long, which are commonly altered to chlor-
i te and sericite, and partly replaced by calcite and 
ankerite. The composition of the plagioclase, using the 
Michel-Levy method, is albitic (An7). 
Quartz generally comprises 4-5% of the rock al-
though one sample contained 25 percent. It occurs as 
anhedral to subhedral, monocrystalline, slightly strain-
ed, equant grains 0.1-2.0 mm long. Discrete quartz 
grains a.re interstitial between plagioclase and act-
inoli te. IV1ost meta.diabase specimens also contain up to 
1% micro.graphic intergrowths of quartz and plagioclase 
interstitial to large plagioclase laths (Plate 15). 
The feldspathic portions of the intergrowths are com-
monly partly altered to chlorite and sericite, and lo-
cally replaced by calcite and minor ankerite. 
Actinolite needles or laths compose up to 25% of 
the rock. They are 0.1-1.0 mm long and are pseudo-
morphous after pyroxene. Actinolite less commonly oc-
curs as fine needles with chlorite in the groundmass 
between large plagioclase laths. It is often highly 
replaced by calcite and epidote. 
Chlori te .makes up 1 O-J5o.0 of the rock and occurs 
ma.inly as massive, lamellar or amorphous replacement 
material of plagioclase laths and mafic constituents. 
It is also found as cavity fillings between quartz and 
plagioclase grains. 
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PLATE 15--PHOTOMICROGRAPH OF TYPICAL MICRO-
GRAPHIC INTERGROWTH OF PLAGIOCLASE 
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AND QUARTZ BETWEEN LARGER PLAGIOCLASE 
AND ACTINOLITE GRAINS WITHIN THE META-
DIABASE OF THE JASPER LAKE GREENSTONE 
UNIT - Sample JL-92 FROM CENTRAL Sec. 
17, T.65N., R.5W. 
Calcite-ankerite, and possibly siderite, range from 
15-24 percent of the rock. As with the metabasalts, 
they are abundant within 200 meters (especially within 
10-20 meters) of fault contacts and were described in 
the previous section. 
Other minor constituents such as epidote, mag-
netite, leucoxene, pyrite, apatite, sphene, and zircon 
comprise from trace amounts to 10% of the rock. Epi-
dote occurs as anhedral to subhedral prisms from 0.1-
0.J mm long, generally replacing plagioclase and act-
inoli te. It usually comprises up to 5% of the rock. 
Epidote also occurs in interstitial spaces and in rare 
veins and cracks. Magnetite (1-9% of the rock) occurs 
a.s subhedra.l octahedra and plates up to 5 mm long. It 
is commonly highly altered to leucoxene and is observed 
between pJagioclase laths as small clumps or clusters. 
Pyrite, apatite, zircon, and sphene constitute up to 
1% of the rock as euhedral interstitial grains less than 
0 .1 mm long. 
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Intrusive Porphyritic Andesite-Dacite 
Less tha.n 1% of the Jasper Lake greenstone unit 
is comprised of a porphyritic hornblende andesite and 
lesser intrusive da.cite (Plate 16). The porphyritic tex-
ture of the intrusion, as well _ as grain size, decreases 
toward the edges of the body producing a chilled margin. 
Its contact with the surrounding metabasalt is imper-
ceptible. These rocks are typically light green, mass-
ive, and fine-grained and characteristically contain 15-
20% tabular plagioclase phenocrysts 2-3 mm long. Two 
Michel-Levy determinations on well-developed albite and 
pericline twinned plagioclase indicate an albite compos-
ition (An4). These phenocrysts are heavily altered to 
sericite and calcite, and are commonly broken in rocks 
near the intrusive margins. 
Prismatic hornblende phenocrysts up to 2 mm long 
once comprised up to 15% of the rock. The hornblende 
is now completely replaced by pseudomorphs of chlorite 
and lesser a.ctinolite with epidote, preserving only re-
\ 
lict euhedral crystal shapes. 
Rare, subhedral, equant quartz phenocrysts, up to 
1 mm across occur in some area.s of the intrusion com-
prising up to 10% of the rock and producing a more 
dacitic composition. 
The groundmass (70-80%) is composed of plagioclase, 
hornblende, quartz, magnetite, and minor epidote, sphene, 
and rutile grains less than O.J mm long. 
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PLATE 16--PHOTOMICROGRAPH OF TYPICAL INTRUSIVE 
PORPHYRITIC ANDESITE-DACITE WITHIN 
THE JASPER LAKE GREENSTONE UNIT -




Plagioclase, hornblende pseudomorphs, and quartz occur 
as anhedral equant grains which produce a hypidiomorphic-
granular, mosaic-like texture in the groundmass. Rare, 
poorly developed myrmekitic intergrowths of plagioclase 
and quartz are evident between small grains suggesting 
the presence of at least a small amount of primary pot-
ash feldspar. Magnetite comprises up to 5% of the rock 
as subhedral, equant crystals up to 0.1 mm long. It 
occurs within hornblende pseudomorphs and sprinkled 
interstitially throughout the groundmass. Epidote re-
places ma.fie crystals in the groundmass normally in 
trace amounts, but in a few specimens comprises 7% of 
the rock. Small, subhedral, highly altered epidote 
grains, showing simple twins on (001) are found in trace 
amounts. Traces of sphene and rutile occur within 
plagioclase crystals as anhedral to subhedral, wedge-
shaped and prismatic crystals, respectively. 
Jasper Lake Pyroclastic Unit 
Volcanic Breccia 
Volcanic breccias comprise approximately 82% of · 
the Jasper Lake pyroclastic unit in estimated areal ex-
tent. Figure 5 illustrates the distribution of the 
volcanic breccias within the pyroclastic unit. The 
matrix of the volcanic breccias is dark green, fine-
grained to aphanitic, and occasionally possesses a weak 
foliation. The breccias contain from )0-90% of mainly 
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FIGURE 5--MAP SHOWING THE SPATIAL DISTRIBUTION 
OF ROCK TYPES WITHIN THE PYROCLASTIC 
UNIT IN THE JASPER LAKE AREA 
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angular to lesser subrounded fragments of rocks of almost 
completely volcanic origin. 
Fragment types and the maximum percentages of 
these fragments of the total rock composition were ob-
served within =the volcanic breccia and a.re summarized 
in Table 2. 
Thin Section Analysis of Fragments Within the 
Volcanic Breccia. 
The a.ndesite and da.cite fragments nearly everywhere 
comprise over 75% of the fragment types present. The 
majority of these fragments a.re very similar to, and 
probably derived from the same source as the Jasper Lake 
andesite unit (Plate 17). In general, the percentage 
of andesite and dacite fragments similar to the andes-
ite unit decreases away from the intrusion as shown in 
Figure 6. 
The andesite fragments are porphyritic and rarely 
non-porphyritic and ty:R_ically consist of J0-70% pheno-
crysts of augite pseudqmorphs, plagioclase, and other 
unid feldspar, up to 2 mm long. The augite 
pseudomorphs a.re equant to prismatic and are composed 
of actinolite and lesser chlorite. The feldspars form 
long, tabular crystals which are heavily replaced by 
sericite, chlorite, epidote, and calcite. Andesite 
fragments in one sample contain smooth-walled amygdules 
which are irregular in shape and filled with chlorite, 
TABLE 2--FRAGMENT TYPES WITHIN THE VOLCANIC 
BRECCIA OF THE JASPER LAKE PYRO-
CLASTIC UNIT AND ESTIMATED MAXIMUM 
PErtCENTAGE OF THESE FHAGN1ENTS OF THE 
TOTAL CGr1'l'OSITION. 
' Fragment Type 
Porphyritic pyroxene 
a.ndesite 
Porphyritic and massive 
hornblende andesite 
Porphyritic feldspar 














PLATE 17--PHOTOMICROGRAPH OP TYPICAL VOLCANIC 
BRECCIA WITH 100% PORPHYRIT,IC PYROX-
ENE ANDESITE FRAGMENTS - Sample JL-61 




Percent of fragments similar 
to the Jasper Lake Andesite 
· SCALE 
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Undiff. Knife Lake Group 
Tonalite 
D Jasper Lake Pyroclastic Unit 
Jasper Lake Andesite 
[]] Jasper lake Greenstone 
FIGURE 6--MAP SHOWING THE SPATIAL DISTRIBUTION 
OF THE PERCENTAGE OF ROCK FRAGMENTS 
\'/ITHIN THE PYROCLASTIC UNIT WHICH ARE 
SIMILAR IN COMPOSITION TO THE JASPER 
LAKE ANDESITE UNIT 
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calcite, and quartz and comprise 7 5"1o of the fragment. 
The groundmass is predominantly made up of .secondary 
chlorite and calcite, with traces of magnetite, and apa-
tite also observed. Chlorite occurs as very fine-grain-
ed aggregates or masses and calcite replaces mainly 
feldspar and groundmass in an irregular, patchy fashion. 
The porphyritic and non-porphyritic hornblende 
andesite fragments are typically found 0.5-2.0 km away 
from the Jasper Lake andesite and are similar to only 
a minor phase of that intrusion. These fragments gen-
erally contain 20-70% phenocrysts of hornblende and 
pla,g;:ioclase up to 3 mm long. The hornblende is pris-
ma.tic and replaced by chlorite, calcite, and minor 
epidote with some magnetite on the rims. Plagioclase 
is heavily altered to sericite, chlorite, epidote, and 
calcite, and is typically tabular. Eighty to ninety 
percent of the groundmass is composed of fine-grained 
hornblende and feldspar grains, with lesser chlorite, 
epidote, magneti.te, and a.pa.ti te comprising the remaining 
portion. 
The dacite fragments a.re all porphyritic, con-
taining 25-70% phenocrysts of plagioclase and minor 
hornblende, orthoclase, and quartz up to 1 mm long. 
rock resembles porphyritic hornblende andesites 
described above with an increase in feldspars and quartz. 
Pla:gioclase phenocrysts are tabular and highly altered 
to sericite, magnetite, and lesser epidote. Michel-
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Levy determinations on some plagioclase grains indicate 
an albitic (An4_ 7) composition. Hornblende phenocrysts 
a.re prismatic, highly altered to chlorite and magnetite, 
and are up to 0.8 mm long. The groundmass contains 
quartz, plagioplase (major), orthoclase, and lesser 
chlorite as grains less than 0.2 mm a.cross. Quartz 
comprises up to 30% of the rock, sometimes as scarce, 
equant phenocrysts up to 0.5 mm across. Calcite gen-
erally preferentially replaces the fine-grained ground-
mass and portions of plagioclase phenocrysts. 
Tuff fragments a.re observed in relatively few spe-
mainly within breccias near Skindance Lake, bui 
strongly resemble the tuffaceous portions of the pyro-
elastic unit, The fragments are typically fine-grained 
to aphanitic with up to 40% pla.gioclase laths less than 
0.1 mm in length. Ma.fie crystals (up to 0.1 mm long) 
a.re converted to chlori te and ca.lei te, and chlori te, 
epidote, and actinolite needles generally form the matrix. 
Some are laminated (by grain size rather than compos-
" 
ition), with individual lamina up to 1 mm thick. 
Fine-grained ma.fie clasts, many very similar to 
the meta.basal ts from the Ja.sper Lake greens tone, are 
observed with recognizable a.ctinoli te, pla.giocla.se, and 
magnetite grains up to 0.5 mm long. The matrix is fine-
grained chlorite. One breccia sample, within the NEi, 
Sec. 19, T.65N., R.5W., contains up to 45% scoriaceous 
basalt fragments of unknown origin, with amygdules 
/ 
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filled with chlorite. 
Ivietagraywacke-argilli te fragments are rare and 
argillites are easily mistaken for chert. They are 
usually similar to the graywacke-argillite portion of 
the pyroclastic unit. These fragments commonly contain 
sericite in a vague subparallel arrangement within a 
fine-grained to apha.nitic matrix too small to identify. 
Some fragments also may be aphanitic volcanic clasts. 
Thin Section Analysis of Matrix Within the 
Volcanic Breccia 
The matrix material of the volcanic breccias typi-
cally comprises 10-45% of the rock a.nd is commonly hard 
to distinguish from the volcanic fragments. It mainly 
contains very fine, angular volcanic fragments, chlorite, 
calcite, some epidote, and minor amounts of broken 
hornblende, a.ctinolite, pla.gioclase, and pyroxene cry-
stals. Traces of magnetite, apatite, zircon, rutile, 
prehnite, and sericite are also observed in 
less than 0.1 mm grains. Volcanic fragments are less 
than 1 mm in size and appear to be derived from por-
phyritic andesite with minor da.cite. 
Chlorite ma.inly occurs as irregular masses ·and 
comprises most of the matrix where it replaces horn-
blende, pyroxene, and pla.gioclase crystals, fills cav-
ities, and causes a blending of fragment boundaries 
with the matrix. Calcite, with minor ankerite (?), up 
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to 0.5 mm in size, occurs as subhedral grains replacing 
plagioclase and large patches of the matrix. 
Hornblende, pyroxene, actinolite needles, and plag-
iocla.se occur as broken crystals up to 1 mm long and 
making up nearly 15% of the rock, The crystals are 
highly altered to chlorite and sericite, and replaced 
by calcite, Magnetite and pyrite occur as euhedral to 
subhedra.l octa.hedra and cubes, respectively, up to 1 mm 
across sprinkled randomly throughout the rock. 
Minor irregular quartz and quartz-calcite veins, 
up to 1 mm wide cross-cut these rocks in many areas. 
Very minor epidote, chlorite, and prehnite are also ob-
served wi t hin some veins. 
Tuf fs 
The tuffs within the Jasper Lake pyroclastics com-
prise a.bout 15% of the unit (Fig. 5). A gradation ex-
is t s between volcanic breccias (described above) and 
the tuffs, These rocks are light green and often finely 
bedded or laminated, with layers ranging from 0.5 mm to 
4 cm thick. The rocks a.re typically fine-grained to 
aphanitic, and some possess graded bedding or convoluted 
be ds. Minor irregular, wispy layering and cross-lam-
inations a.re also observed in a few localities. 
The major constituents of the tuffs include: 
plagiocla.se crystals, mafic crystals (augite and horn-
blende), chlorite, volcanic fragments, actinolite, and 
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epidote. Plagioclase grains, up to 3 mm long, are 
commonly the dominant crystal type recognizable and 
comprise up to 45% of the rock. The crystals are gen-
erally tabular, some a.re broken, and they are commonly 
completely by sericite and calcite. A rel-
atively fresh, plagioclase-rich andesite tuff is illus-
trated in Plate 18. Mafic crystals, chiefly of augite 
and hornblende up to 3 mm long, comprise up to 25% of 
the rock. They are extremely altered to act-
inolite, minor epidote, and calcite. Augite occurs as 
equant, stubby grains whereas hornblende is long and 
prismatic. 
Sparse volcanic fragments and chips a.re observed 
within more massive and poorly bedded tuffaceous layers. 
They typically comprise less than 25% of the rock and 
range from 0.1 to 15 mm in diameter. The fragments are 
angular to rounded and are generally composed of por-
phyritic andesite to dacite, similar to those found in 
the volcanic bre.ccias. Many are thoroughly altered to 
chlorite, sericite, and calcite, and occur in separate 
coarser-grained layers. Rare fine-grained to aphanitic 
a.rgillite fragments similar to those within the vol-
canic breccia are also observed. 
Chlorite is the dominant matrix constituent com-
posing from 10-45% of the tuff. It is commonly platy 
to massive with a few discrete e;rains which are less 
than 0.1 mm in size. Chlorite mostly replaces ma.fie 
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PLATE 18--CRYSTAL-LITHIC TUFF WITHIN THE 
JASPER LAKE PYROCLASTIC UNIT -




crystals and occurs as the interstitial matrix between 
crystals and rock fragments. It also fills cavities 
and some veins, rarely accompanied by prehnite. 
Both actinolite and epidote, each comprising up to 
15% of the rock, occur with chlorite in the matrix. 
Epidote is observed as irregular masses up to 0.3 mm 
across within the chlorite and is often surrounded by 
dark brown, opaque material. Actinolite is fibrous to 
needle-like (up to o.4 mm) largely within the matrix 
but also replaces augite and some plagioclase in coarser 
layers. 
Anhedra.l calcite and minor ankerite often replace 
large amounts of the matrix, especially near faults. 
The minor constituents of the tuffs occur rather 
sporadically in varying a.mounts and include: quartz, 
serici te, ma.gneti te, bioti te, limoni te, pyrite, and 
prehnite. Quartz comprises less than 5% of the rock a.s 
anhedral grains up to 0.5 mm long usually replacing 
several crystals and occurring in vugs and veins. Ser-
ici te and biotite comprise up to 5% of the rock as 
scaly patches (less than 0.1 mm long) within the matrix. 
f!;agneti te and pyrite occur as euhedra.l to subhedral octa-
hedra, cubes, and equant masses up to 0.5 mm a.cross, 
randomly sprinkled throughout the matrix and composing 
up to · 5% of the rock. Rare prehnite (less than 1%) oc-
curs as needles and radial aggregates in cavities and 
veins up to 0. 5 mm v1ide. 
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Quartz veins up to 0.1 mm wide are observed cross-
cutting the rock in many specimens, and cor:iprise less 
than 1% of the ·rock. Minor calcite and sericite also 
occur within these veins. 
Metagraywacke-Argillite 
The Jasper Lake pyroclastic unit contains roughly 
2% meta.sediments identified as probably graywacke or 
argillite since they are really too fine-grained to be 
identified with certainty (Fig. 5). The rocks are light 
gray to green to black, fine-grained to more commonly 
aphanitic, and are therefore easily confused with 
cherts or very fine-grained (or aphanitic) volcanics. 
Some possess laminations up to 1.5 cm wide, and rare 
black and white color bands up to 0.5 cm wide. One 
specimen, south of Tern Lake, in the SEi, Sec. 17, T.65N., 
R.5W., contains 0.5 cm thick cross-laminations together 
with up to 0.7 cm thic.k flat parallel laminae. 
The metagraywacke-,argilli ies are largely composed 
of very fine-grained to aphanitic quartz and feldspar (?) 
paste, chlorite, and sericite. Other identifiable con-
stituents include: calcite, magnetite, quartz, sphene, 
limonite, broken plagioclase crystals, and volcanic 
rock fragments. 
Quartz and feldspar. which comprise 40-90% of the 
rock, are generally too fine-grained to be distinguish-
ed and tend to give a "cherty" appearance. This material 
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occurs as fine, allotriomorphic masses of low 
birefringent material commonly with up to 25% fibrous 
sericite producing a.n intervening foliated texture. 
The sericite occurs in grains up to 0.1 mm long through-
out the usually in a subparallel arrangement. 
Chlorite comprises up to 40% of the rock, and oc-
curs as massive to platy grains up to 1 mm long which 
are found between grains and also replace the quartz 
and feldspar. The predominance of chlorite in certain 
laminae in the color banded rocks produces the darker 
bands. 
The minor constituents observed collectively com-
prise less than 10% of the rock. Calcite is the most 
variable component in abundance. Generally it com-
prises only up to 5% of the rock, but in some specimens, 
next to faults, it makes up to 50% of the rock. In-
dividual, angular, monocrystalline quartz grains up to 
0.1 mm long, comprise up to 2% of the rock. They are 
typically scattered raqdomly throughout the rock, re-
gardless of any bedding which may be present. 
Magnetite, limonite, leucoxene, and sphene col-
lectively comprise less than of the rock. Magnetite 
occurs as anhedral, equant grains, up to 0.5 mm across 
randomly distributed throughout the rock. Limonite 
and leucoxene are common amorphous alteration products 
of magnetite and limonite. Traces of diamond-shaped 
sphene less than 0.1 mm long occur randomly throughout 
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the rock, Angular clasts of fine-grained graywacke or 
tuff, up to 4 mm long, also occur in trace amounts. 
Plagioclase grains, up to 0.2 mm long, comprise up to 
3% of the rock at times as angular and broken crystals 
heavily altered to sericite and extremely hard to re-
cognize. 
In many graywacke-argillites, irregular, fine-
grained quartz veins up to 0.1 mm wide are observed. 
Calcite, and minor zeolites, limonite, and magnetite 
occur as minor additional constituents in the veins. 
Volcanic Conglomerates 
Volcanic conglomerates comprise · about 1% of the 
Jasper Lake pyroclastic unit (Fig. 5). Five thin sec-
tions were examined from one conglomerate lens (Plate 
19). 
Point counts were made of an average of 450 points 
of serial sectioned conglomerate slabs from two samples 
within the main conglomerate lensoid unit in the north-
west portion of the pyroclastic unit. Slabs ranged from 
' 2 . 100-1-J.00 cm in area. Estimated cla.st types and their 
approximate maximum percentage of total rock compos-
ition are given in Table 3. These percentages indicate 




PLATE 19--PHOTOMICROGRAPH OF VOLCANIC CONGLOMERATE 
WITH PORPHYRITIC PYROXENE ANDESITE 
CLASTS (LEFT) AND METAGRAYWACKE-ARG-
ILLITE CLASTS (RIGHT) - Sample JL-50 
FROM w. CENTRAL Sec. 18p T.65N., R.sw. 
TABLE 3--CLAST TYPES (AND PYRITE) WITHI'.'T THE 
VOLCANIC CONGLOi'fIERATE AND 
MAXIMUM PERCENTAGE . OF THESE FRAG-
IVIENTS OF THE TO'rAL ROCK CCMPOSITidN • . 
PERCENTAGES ARE ESTIMATED FROM 
SECTIONED SLABS OF T:llo SAMPLES UNDER 
A BINOCULAR MICROSCOPE. 
Clast Type Maximum Percentage 
Porphyritic andesite 65% 
Fine-grained andesite 47% 
Metasediments 27% 
Mafic cla.sts (greenstone) 9% 
Granitic rocks 6% 
Dacite 5% 
Quartz or chert 2% 





Description of Clasts from the Volcanic Conglomerate 
Porphyritic pyroxene and less hornblende andesite 
are the principal andesitic compositional types pre-
sent, and comprise over 50% of the clast types in the 
conglomerates.· They are basically similar to ·the Jas-
per Lake andesite intrusion in composition and texture 
as described in the following section. 
Dacite, greenstone, and unidentified mafic clasts 
were all observed only in hand specimen under a binoc-
ular microscope. Dacite clasts are light green to tan, 
fine-grained, and contain both tabular plagioclase 
phenocrysts up to 3 mm long (up to 25%), and equant 
quartz grains up to 2 mm across (up to 15%). The ground-
mass material is light greenish and fibrous, and wraps 
around quartz and plagioclase. It probably consists of 
a mixture of chlorite, actinolite, and epidote. 
Mafic or greenstone clasts are observed as dark 
green, very fine-grained fragments which are commonly 
iron-stained. All grains in the rock are green, prob-
ably indicating a mixture of actinolite, chlorite, epi-
dote, and plagiocla.se of a. meta.basalt or andesite. 
These fragments bear a striking similarity to the meta-
basalts of the Jasper Lake greenstone unit. 
Polycrystalline quartz grains and/or chert cla.sts 
a.re rarely observed in some conglomerates as a.nhedral 
equant grains up to 0.2 mm long. They resemble the 
polycrystalline vein quartz in many veins throughout 
the Jasper Lake rocks. Whether they represent vein 
quartz or chert is uncertain. 
Pyrite is ubiquitous throughout the volcanic con-
glomerates as euhedral cubes up to 1.5 mm across. 
A small amount of fine-grained black clasts are 
unidentified. Because of their dark color and probable 
mafic affinity, they are most likely fine-grained meta-
basal ts. 
The metasedimentary clasts bear a strong resem-
bla.nce to the metagraywacke-argillite described above. 
The fi:'l.a.l clast type observed within the volcanic 
conglomerates are the intrusive (granitic) clast types, 
more specifically, of tonalite to granodiorite. They 
are typically light green to gray and fine-grained to 
medium-grained rocks with an allotriornorphic to hypid-
iomorphic-granular texture. These clasts are mainly 
composed of plagioclase, quartz, and orthoclase with 
lesser amounts of chlorite .and calcite. Sericite, epi-
dote, magnetite, and limonite occur in trace a.mounts. 
Plagioclase comprises 40-50% of the granitic clasts as 
ta':Jular grains up to 2 mm long which a.re sometimes bent 
and deformed. These grains are commonly partly altered 
to sericite and calcite. Michel-Levy determinations 
indicate an albitic composition (Anz). 
A variety of other constituents also occur in 
minor amounts in the granitic clasts. Equant quartz 
grains, up to 3 mm long, a.re somewhat undulatory and 
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strained composing 20-30% of the granitic fragments. 
Orthoclase comprises 5-10% of these fragments as up to 
3 mm grains, which are commonly poikilitic around plag-
ioclase and quartz and often highly replaced by calcite. 
Altered biotitg comprises 5% of the granitic fragment 
composition as scaly masses up to 1 mm long which have 
been converted to pseudomorphs composed of chlorite, 
limonite, and magnetite. Three percent chlorite occurs 
as aggregates around larger grains, especially biotite. 
Calcite represents 5-7% of the rock replacing mainly 
feldspar and some quartz. Sericite occurs as less than 
0.1 mm scaly grains within feldspar. Epidote is rare, 
but is observed as (less than 0.1 mm long) anhedral 
grains within biotite pseudomorphs. 
Description of the Matrix Within the Volcanic 
Conglomerate 
The matrix material (particles less than 1 mm a-
cross) of the volcanic comprises from 20 
to 40 percent of the rock. The original material is 
commonly replaced by calcite making original minerals 
difficult to infer. 
The major portion of the matrix is comprised of 
angular to subrounded chips of volcanic material less 
than 1 mm across. They range from porphyritic andesite 
to dacite and are commonly largely replaced by calcite. 
Quartz grains compose up to 15% of the matrix 
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mainly as secondary cavity fillings and lesser discrete, 
slightly strained detrital grains up to 0.3 mm long. 
Chlorite represents up to 8% of the rock as scaly 
grains, up to 0.2 mm long, which surround and replace 
volcanic clasts. It generally forms most of the material 
between volcanic clasts and chips. 
Pseudomorphs of broken plagioclase laths comprise 
up to 10% of the rock. They are up to 0.5 mm long and 
a.re completely replaced by a. mass· of ca.lei te, chlori te, 
and sericite. In a. few specimens, limonite comprises 
up to 20% of the matrix material. 
Jasper Lake Andesite 
The Jasper Lake andesite unit is composed of 
approximately 90% porphyritic augite andesite, 5% por-
phyritic hornblende-plagioclase dacite, and 5% porphyr-
itic hornblende andesite. Minor non-porphyritic augite 
andesite of the same mineral composition as the ma.in 
phase, is observed in a few localities. The body es-
sentially grades in composition between the three rock 
types which show an irregular spatial distribution as 
shown in Figure 7. 
Examination of 17 thin sections from random areas 
within the andesite body indicates the rocks to be por-
phyritic with a fine- gra.ined to aphani tic groundrnass. 
It is typically light green to black and exhibits tan 





Symbol I Composition f' Phenocrysts 
PORPHYRITIC AUGI1'E 
PAA ANDES I TE SCALE 
PPA PORPHYRITIC PLAGIOCL\SE ANDESITE 1 Kilometer 
PHA PORPHYRITIC HORNBLENDE ANDESITE 
PD PORPHYRITIC DACITE 
PPA 
PHA 
FIGURE 7--SPATIAL DISTRIBUTION OF ANDESITE AND DACITE 
PHASES WITHIN THE JASPER LAKE ANDESITE UNIT 
I AUGITE PLAGlCCLASE 







The following phenocryst types occur in decreasing 
abundance in the andesite unit: pla.gioclase, actinolite 
pseudomorphs after augite, augite, hornblende, and 
quartz. 
Plagioclase phenocrysts, comprising up to 40% of 
the rock, are usually lath-like or tabular and up to 4 
mm long. They are mostly replaced by calcite and epi-
dote, together with leiser amounts of chlorite, actino-
lite, and minor magnetite. Michel-Levy determinations 
indicate an a.lbitic (An6-8) composition. 
Augite phenocrysts comprise up to 40% of the rock, 
and a.re now pseudomorphs composed of fibrous and needle-
like actinolite patches and lesser chlorite (Plate 20). 
These phenocrysts are usually equant to short and stub-
by to tabular and range up to 2 mm long. They typically 
sho·.v relict polysynthetic (on ( 001)) or simple twinning 
a.long (100). Relict augite within these phenocrysts oc-
curs in 1-2% of the phenocrysts. In a few specimens, 
notably JL-75 in the SVIi, Sec. 17, T.65N., R.5W., 
(Plate 21), primary augite phenocrysts are still pre-
served with little actinolite alteration. Some speci-
mens contain up to 1% chlorite pseudomorphs after short, 
stubby pyroxene (up to 1. 5 mm long). 
Quartz phenocrysts a.re normally quite rare, but 
comprise up to 2% of some specimens. These phenocrysts 
a.re up to 1 mm across, subhedra.l to euhedral with few 
6-sided crystals, and altered slightly to sericite. 
PLATE 20--PHOTOMICROGRAPH OF PORPHYRITIC 
AUGITE ANDESITE WITH ACTINOLITE 
PSEUDOMORPHS AFTER AUGITE - Sample 
JL-60 FROM NEi, Sec. 19, T.65N.: R.5w. 
PLATE 21--PHOTOMICROGRAPH OF PORPHYRITIC AUGITE 
ANDESITE WITH ORIGINAL AUGITE PHENO-
CRYSTS PRESERVED - Sample JL-75 FROM 
Sec. 17, T.6_5N., R.5W. 
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Some phenocrysts are also replaced by calcite and minor 
epidote. It is the increased amount of quartz (greater 
than both as phenocrysts and in the groundma.ss 
which causes a.ndesite to grade into dacite in some por-
tions of the intrusive body. 
The rock contains up to 25% amygdules in a. few 
specimens, which are irregular and smoothly rounded, 
up to 1 cm across (Plate 22). They are commonly filled 
with chlori te and calcite, and lesser amounts of qua.rtz, 
epidote, and magnetite. 
Irregular quartz and quartz-epidote veins, up to 
5 cm wide commonly cross-cut the andesite. Minor cal-
cite and chlorite are found locally in the veins. 
The groundma.ss of the a.ndesites and dacites is 
composed predominantly of pla.gioclase, chlorite, epi-
dote, quartz,, cal_ci te, and minor amounts of orthoclase, 
magnetite, sericite, sphene, apatite, pyrite, and rutile. 
Plagioclase, including both phenocrysts and ground-
mass, comprises up to 90% of the rocks. In the dacites, 
and some andesites, it accounts for the bulk of the 
groundmass material occurr'ing as tabular and la.thy cry-
stals less than 0.2 mm long, commonly heavily replaced 
by epidote and calcite. 
Chlorite comprises up to 45% of the rock, particu-
la.rly in the a.ndesi tes, as massive patches. It is com-
monly pseudomorphous after plagioclase and pyroxene 
phenocrysts, replaces and fills in space between grains 
1.0 MM 
PLATE 22--:PHOTOMICROGRAPH OF AN AMYGDALOIDAL 
·PORPHYRITIC PYROXENE ANDESITE WITH 
CHLORITE LINED, CALCITE AND QUARTZ 
FILLED AMYGDULES - Sample TL-26 FROM 
SEz, Sec. 13, T.65N., R.6w. 
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within the groun.dmass, and fills voids in amygdules and 
holes within phenocrysts. 
Epidote makes up to 10% of the rock predominantly 
within the groundmass. It occurs as subhedral to an-
hedral masses, .grains, and clots, up to 1 mm long, re-
placing both plagioclase and mafic crystals in the 
groundmass and within amygdules. 
Quartz constitutes up to 10% of the groundmass in 
some dacite portions of the intrusion as anhedral, 
equant grains up to 0.2 mm long interstitial between 
plagioclase and as secondary replacement of plagioclase 
and void fillings in amygdules and cavities. Minor, 
equant phenocrysts are observed that are up to 2 mm 
across. 
Calcite replaces up to JO% of the rock at some lo-
ca.lities regardless of composition, especially near 
faults. It typically occurs as irregular patches up to 
1 across replacing much of the groundmass, particu-
larly plagioclase, and Jesser portions of the mafic 
constituents. 
Orthoclase, recognized by staining techniques, oc-
curs in trace amounts within dacites as anhedral grains, 
usually a.round plagiocla.se, up to 0,1 mm long. 
ff! a.gneti te comprises up to 5% of the rock as an-
hedral masses to subhedral to euhedra.l octahedra up to 
0.8 mm across. It is typically randomly distributed 
throughout the matrix, and generally partly altered to 
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limonite and leucoxene. 
Serici te, in trace a.mounts, occurs as· scaly a.ggre-
gates less than 0.1 mm long, within and a.round plagio-
clase. Sphene, apatite, and rutile occur as prismatic 
cr;ysta.ls less _than 0 .1 mm long, randomly distributed 
throughout the matrix and within pla.gioclase crystals. 
Pyrite comprises up to 1% of the groundmass as euhedral 
to subhedral cubic crystals, up to 0.1 mm across, 
randomly distributed throughout the rock. 
Sa.ganaga Tonali te Border Phase 
Two .thin sections were examined of the Saganaga 
tonalite adjacent to the Jasper Lake greenstone unit 
from the W1±, Sec. 17, T.65N., R.5W., along the shore 
of Alpine and within the SE%, Sec. 7, T.65N., R.51.v. 
The Saganaga batholith in these areas consists of a 
light green to gray, medium- to coarse-grained tonalite 
which is locally sheared. The texture is typically 
allotriomorphic _to hypidiomorphic-granular and the rock 
is usually cross-cut by up to 2% irregular quartz-cal-
cite veinlets. 
The tonalite is composed of 45-75% plagioclase, 
17-25% quartz, 5-15% chlorite, J-10% calcite, traces to 
1« potash feldspar, minor, up to 1% magnetite, apa-
tite, epidote, zircon, and prehnite (Plate 2J). Plagio-
clase occurs as tabular crystals, 1-5 mm long, which 
are thoroughly saussuritized and sericitized, somewhat 
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PLATE 2J--PHOTOMICROGRAPH OF SLIGHTLY SHEARED 
PHASE OF THE SAGANAGA TONAI,ITE. 
DOMINANTLY SAUSSURITIZED FELDSPAR WITH 
DARK, STRAINED CHLCRITE PSEUDOMORPHS 
(RIGHT CENTER) AND CLEAR QUARTZ 
(BOTTOM) - Sample JL-10), FROM NWt, 
Sec. 17, T.65N., R.5W. 
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altered to chlorite. A few Michel-Levy determinations 
indicate a.n albitic composition (An3). Quartz and 
orthocla.se (minor microcline) have grown between the 
plagiocla.se as equant and tabular grains, respectively, 
which are 0.1 to 3.5 mm long. Chlorite and epidote 
form pseudomorphs after hornblende and biotite grains 
up to 1 mm long, preserving only relict crystal out-
lines. Traces of epidote, magnetite, apatite, and zir-
con occur as small euhedral crystals within plagioclase 
and quartz grains. Prehnite forms very fine, irregular 
veinlets, less than 0.1 mm wide .within the rock, Cal-
cite also occurs as a minor secondary replacement of 
chlorite and plagioclase in a patchy distribution, 
A small amount of fracturing and deformation is 
evident in both thin sections examined. Quartz and 
feldspar grains show moderate fracturing together with 
slight undulatory extinction. Chlorite pseudomorphs of 
hornblende and biotite are largely bent, commonly wrap-
ping around more competent grains. Some quartz-calcite 
veinlets show minor offsets in some areas and quartz 
appears to be somewhat recrystallized in many areas. 
Intrusive Tonalite-Diorite 
The tona.lite-diorite intrusion was examined under 
a binocular microscope only, and bears a close resem-
bla.:'lce to the border phase of the Saganaga tonali te 
where it comes in contact with the greenstone to the 
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north. 
The tonalite-diorite is composed of roughly 40-50% 
plagioclase, 10-30% quartz, and 20-25% hornblende or 
biotite (now mostly chlorite), with minor amounts of 
magnetite, pot<?-sh feldspar, and sericite. Pla.gioclase 
occurs as short, stubby, tabular to equant crystals, 
0.5-5.0 mm long. Slight sericitization is visible from 
potassium cobaltinitrite stain as small, irregular mass-
es less than 0.5 mm across within plagioclase grains. 
Quartz occurs as equant grains 0.5-15.0 mm a.cross, 
often quite conspicuous on broken surfaces. Interstitial 
a.rea.s a.re filled with irregular a.nd massive chlorite 
aggregates with few relict hornblende and minor biotite 
grains (up to 3 mm long) within the chlorite. Minor 
pyrite a.nd magnetite, less than 2 mm long, a.re visible 
a.s subhedral to euhedral blocky crysta.ls betvveen chlor-
ite in the groundmass. They are often quite altered to 
iron oxides producing the red stain on the rock. Potash 
feldspar grains, . less than 1 mm long, comprise traces to ... 
5% of the rock between plagioclase and quartz grains. 
Geochemistry of Two Samples within the Jasper Lake 
Greenstone Unit 
Two chemical analyses, one, of a. quench textured 
basaltic komatiite (KL-6), and one of a meta.diabase 
(JL-92), from the Jasper Lake greenstone unit, were 
performed by K. Ramlal of the University of Uia.ni toba, 
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using atomic absorption methods. Sample KL-6 is located 
' on the north side of a glacial roche moutonnee, north 
of Kingfisher Lake, in the Sec. 18, T.65N., R.5W., 
and sample JL-92 is located on the far southwest shore 
of the eastern. extension of Jasper Lake, in the central 
part of Sec • 1 7 , T • 6 5 N • , R • 5W • 
These samples were chosen to establish how the 
rocks at Jasper Lake compare in chemical composition 
with basaltic rocks observed in other areas throughout 
the v1orld and within the Vermilion district. Both sam-
ples displayed relatively slight effects of metamorphic 
recrystallization as indicated by the presence of re-
lict pyroxene. Primary skeletal quench textures occur 
in KL-6, and relict ophitic and micrographic textures 
are present in JL-92. They were selected from petro-
graphic evidence of their homogeneous and unsheared 
structure, and lack of observed metasomatic alteration. 
Sample KL-6 
The fact that this sample contains the typical 
greenschist mineralogy of a meta.basalt with a quenched 
(pyroxene) texture suggests it may be classified as a 
basaltic komatiite. 
In comparison with basaltic and ultramafic koma-
tiite compositions described from several worldwide 
locations, including Canada, U.S.A., Australia, and 
South Africa, the Jasper Iake sample KL-6 most closely 
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resembles the type Barberton composition from Swaziland 
. (Viljoen and Viljoen, 1969) and basaltic komatiites in 
the Vermilion district, Minnesota (Green and Schulz, 1977), 
(Table 4, Figures 8 and 9). These samples contain com-
pa.rable equal weight percentages of Al203, MgO, and Cao 
and are also quite close in their values of Ti02 and 
r1:nc. . Ultra.ma.fie komatii te compositions do not compare 
with chemical compositions of basaltic komatiites or 
Kl-6, and is correlated with the presence of olivine 
within ultra.ma.fie, and not in basaltic komatiites (See 
Table 4). 
Brooks and Hart (1974) pose the following chemical 
criteria for the recognition of basaltic komatiites: 
SiC2 = 46-53%, CaO/Al203 greater tha.n 1, MgO greater 
than 9%, TiCiz less than 0.9%, and K20 less than 0.9%. 
Jasper Lake sample KL-6 satisfies all of these criteria 
except that Ca0/Al203 is less than 1 (0.66). However, 
Green and Schulz (1977) suggest that CaO/Al203 should 
be restricted to values roughly equal to one, as some of 
the type Barberton komatiites (Viljoen and Viljoen, 1969), 
contain values less than one and do not satisfy this 
criterion of Brooks and Hart. Some of the most impor-
tant compositional parameters of the Brooks and Hart 
criteria are illustrated in Figures 8 and 9. 
A second set of chemical criteria for distinguish-
ing basaltic komatiites from tholeiitic rocks was pro-
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TABLE 4--COMPARISON OF CHEMICAL ANALYSES OF BASALTIC 
AND PERIDOTITIC KOMATIITES (Recalc. H20-C02-free) 
2 3 4 5 6 7 8 9 10 
47,93 46.95 53,75 53.29 48,85 48.60 52,83 44.39 45.88 
0,98 0,96 o.87 0,57 1.14 0,99 0,16 0,24 0.23 
8,33 8,44 10.02 5.50 7,55 14,10 9,49 5,72 . 4.36 
2.10 2.40 1.25 1.00 2,02 3,40 10,71 4,80 10.57 
15 I 01 13. 91 9,90 9,06 11.09 6,80 10.71 5,41 · 
0,27 0.23 r0,22 0.22 0,02 0.17 0,17 0.17 0.22 
11,86 13.37 10.30 15.56 16.73 12 .10 14,21 34.69 36, 12 
11.48 11.79 10.18 13.09 11.43 12.00 10.22 4.28 2.61 
, 
1,77 1.62 2,70 1.23 o.s1 1.56 2,00 0.26 
0.06 0.14 o.47 0.09 0.07 0.10 0,12 0,04 
. 0. 22 0.18 0,06 0.05 0.30 0,10 0,07 
0.13 
0,04 
100.01 99,99 99,72 99,66 100.01 99,90 99,98 100.00 99,99 


















1 - KL-6, Jasper Lake area, this paper, K. Ramlal, 
Analyst. 
2 - Z-205, Vermilion district, Green and Schulz, 1977, 
No : 2, Table 3. 
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3 - E-151a., Vermilion district, Green and Schulz, 1977, 
No. 1, ' Table 3. 
4 - Average Barberton-type basaltic komatiite, Viljoen 
and Viljoen, 1969, Nos. 1,2,3,4,5, p. 
5 - Average Badplass-type basaltic komatiite, Viljoen 
and Viljoen, 1969. 
6 - Michipocoten basaltic koma.tiite, V-53, Brooks and 
Hart, 1972. 
7 - Average 6f 21 Olivine-poor Tertiary basalts, Baffin 
Is., Clarke, 1970. 
8 - Average of 9 Lower Paleozoic basaltic komatiites, 
Rambler, Newfoundland, Ga.le, 1973. 
9 - Plate spinifex peridotite, Mt. Ida, Yilga.rn Block, 
Western Australia, Nesbitt, R. W., 1970. 
10 - S.A. 85, Olivine peridotite, overlying lens at 
Dundonald, Na.ldrett and Mason, 1968. 
11 - Spinifex peridoti te flmv unit, To1;1mship, 
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8--MgO-CaO-Al203 DIAGRAM (WT.%) OF BASALTIC 
KOMATIITES AND ASSOCIATED ROCKS COMPARED 
WITH THE JASPER LAKE SAMPLES (after Green 
and Schulz, 1977) 
FIGURE 8--Continued 
SYMBOLS USED 
open circles -·Vermilion district basaltic kom-
atiites Ave. Swaziland olivine 
tholeiites 
dots - other Vermilion district basalts 
open triangles - Canadian Archean komatiites and 
mafic basalts 
solid 
inverted triangle - Newfoundland Paleozoic komatiite · 
+ Barberton komatiites 
other South African komatiites 
- Baffin Bay Tertiary basalts 
- Alaska 
- Jasper Lake basaltic komatiites, Sample KL-6 
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FIGURE 9--MgO-Total Iron-(SiOz)/5 DIAGRAM OF BASALTIC 
KOi.111ATIITES AND ASSOCIATED ROCKS CCMPAHED 
WITH THE JASPER LAKE SAMPLES (after Green 
and Schulz, 1977) 
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of wt. % Al20J vs. total FeO/(Total FeO + MgO) and a 
Tio 2 content of The Jasper Lake basaltic komatiite 
(KL-6) plots well within the koma.tiitic field as shown 
in Figure 10. 
Sample JL-92 
In comparison with Keweenawan diabases, tholeiites, 
basaltic komatiites, and Fe-tholeiites, the Jasper Lake 
diabase (JL-92) resembles tholeiites, and iron thole-
iites most closely (Naldrett and Arndt, 1975) (Table 5, 
Figures 8, 9, and 10). They are comparable particularly 
in their abundances of Fe 2o3 and lVigO. 
Interpretation 
'I'he basalts of the greenstone unit, together with 
the andesites and dacites of the pyroclastic unit ·in 
the Jasper Lake area, may be representative of the grad-
. ation in composition from basaltic komatiites (KL:._6) in-
to tholeiites (JL-92), andesites, and dacites, which 
has been established within the central Vermilion dis-
trict by Green and Schulz (1977) (Figures 8 and 9). 
The basaltic komatiite (sample KL-6) near Jasper Lake 
is probably closely associated in origin (consanguineous) 























-r- "?- I 
\ J L k Jasper Lake . asper a e 
'< KL-6 JL-92 
x ·· mi; I .. · ... 
) 1 
) I -/ 
;.I ,, r y . 
cv"' I . ·...v 0 
CJ 





.• 2 .4 .6 ' .a 
(wt.) 
1.0 
"" FeO/(FeO-t MgQ) 
FIGURE 10--Al203 VS. TOTAL FeO/(TOTAL FeO + MgO) 
DIAGRAM (WT.%) SHOWING BASALTIC KOM-
ATIITE COMPOSITIONS TOGETHER WITH THE 
JASPER LAKE SAlVl.PLES (after Naldrett 
and Arndt, 1975, and Green and Schulz, 
1977) 
TABLE 5--COMPARISON OF CHEMICAL ANALYSES OF JASPER 
LAKE (ARCHEAN) METADIABASE, KEEWENAWAN 
DIABASE AND AVERAGE THOLEIITES 
r ·--- - - ·· 
I 
1 2 J 4 5 
{ 
Si02 46.90 47.01 51.57 50.90 48.10 
Ti Oz 1.44 3.20 0.80 1.33 1.49 
i 
Al20J 11.98 15.57 15.91 16.05 15.88 -, 
Fe 2o3 3.29 2.32 . 2.74 2.33 2.23 I 
I 
FeO 16.30 I 11.57 7.04 8.66 10.16 ! l 
i l 
MnO 0.29 ! 0.20 0.17 0.18 0.18 l ' • I 
MgO I 5.55 • 5.25 l 6.73 6.15 7.54 i J I 
• I 
I 
; ! i CaO . 6.94 r 9.77 11.74 9.30· 8.82 I I I ' I I ! ! 1 i I ' .I ! l 2.68 i 2.41 2.06 3.26 Na2 o ! 3.00 i I I i I I ! i I -K O 0.24 0.,. 31 o.44. 0.76 o.49 2 
I 
1'205 0.18 0.32 
I 0.11 ·.:·0.20 0.16 I I I l I I 
H o+ . I 1.74 I 1.44 J.07 I 2 i I • I 
l 
H2o- 0.07 I 1.64 I o.45 
co2 1.13 0.14 
s 0.20 
I Total 100.16 100.16 100.11 99.66 99.89 . Less o=s 





1 - Jasper Lake diabase within greenstone unit, this 
paper, Sample JL-92, K. Ramlal, analyst 
2 - Olivine tho.le ii te, Albemarle Island, Gala.pa.gos 
(McBirney and Williams, 1969, p. 121, No. 63) 
3 - Tholeiite, Talasea., New Brita.in (Lowder and Car-
michael, 1970, p. 27, No. 311) 
4 - Sub-dia.basic basalt, Ely Greenstone (Green, 1970, 
p. 16, No. 9, Sample EG-17) 
5 - Dia.basic dike, (Olivine basaltic a.ndesite), 
Ke'Neenawa.n dike, (Green, 1970, p. 16, No. 12, 
Sample M-7129) 
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Summary of the Jasper Lake Units 
Age and Correlation 
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In his construction of the stratigraphic column of 
the eastern Vermilion district, Gruner (1941) designated 
all greenstone units as Ely Greenstone, as had been done 
earlier by Winchell (1899) and Clements (190J). Thus, 
all greenstone was assumed equivalent to the type ex-
posure at Ely and, therefore, also referred to as the 
lowest unit of the Archean as it is at Ely. In recent 
years it has been recognized that all greenstone occur-
rences in northern are not necessarily the 
same as that at the type locality at Ely. 
Morey and others (1970) have now described and redefined 
the Ely Greenstone. The Jasper Lake greenstone, separ-
ated from the town of Ely by some 65 km of highly com-
plexly folded and faulted Precambrian terrain, cannot 
be confidently correlated with the Ely Greenstone. 
Gruner (1941) designated the Jasper Lake pyroclastic 
unit as a portion of the Knife Lake Group and assumed it 
to have been deposited after the intrusion of the Sag-
anaga batholith. Because Saganaga detritus is absent 
from the pyroclastic unit, it is probably older than the 
Ogishke conglomerate and other units of the Knife Lake 
Group which contain Saganaga clasts. 
At present, both the Jasper Lake greenstone and 
pyrocla.stic units can only be reliably correlated with 
other rocks 1Ni thin the Gabimichigami Lake segment of 
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Gruner (1941)(the Chub Lake Volcanics to the southeast). 
They are considered older than 2.7-2.75 billion years, 
the date of the Saganaga batholith (Goldich and others, 
1961) which intrudes the greenstone. 
The greenstone "belt", as mapped by Gruner (1941) 
continues to the east off the Jasper Lake map area. 
Morey and others (1968) mapped the far eastern extent 
of the "belt" some 20-21 km to the ea.st-southeast of 
Jasner Lake, near Chub Lake in the Long Island Lake 
quadranP-;le. They designated this volcanic unit as the 
Chub Lake Volcanic complex, which is truncated by Mid-
dle Precambrian units to the east. From their map, the 
complex consists of at least an 800-1000 meter thick 
sequence of meta.basalt and associated fragmental rocks 
to the north, and meta-andesitic agglomerate, conglomer-
ate, tuff, flows, and minor metagrawacke and slate to 
the south. All units are vertical and the meta.basalts 
commonly exhibit pillow structures which indicate top 
directions to the south. 
in outcrop between the units of the 
Jasper Lake area and those in the Long Island Lake quad-
rangle, and the strong similarities in attitude and lith-
olo <::-Y of the two stratigraphic sequences suggests that 
·the Jasper Lake greenstone is probably correlative with 
the lower portion (northern) of the Chub Lake Volcanic 
complex. Likewise, the Jasper Lake pyroclastic unit 
probably continues eastward into the Long Island Lake 
quadrangle and is probably correlative with the upper 
(southern), dominantly andesitic, portion of the Chub 
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Lake Volcanic complex. Further work within the inter-
vening area between Jasper and Chub Lakes could sub-
stantiate this correlation. 
The Jasper Lake andesite was referred to as Ely 
Greenstone flows by Clements (190J), and later andes-
itic flows deposited sometime after the greenstone by 
Gruner (1941). 
In this study it has been established that the 
a:ndesi te unit is an intrusive body, rather than a flow, 
displaying 50 meter wide chilled margins. The andesite 
to dacite composition of the unit also suggests that 
it is not part of the greenstone unit, and particularly 
not the Ely Greenstone. From the subconcordant nature 
of the Jasper Lake andesite intrusion, the chilled mar-
gins displayed, and the similarity in composition of 
the intrusive and the fragments within the adjacent 
pyroclastic unit., it is reasonable to suggest the unit . 
' 
was intruded approximately contemporaneously with the 
pyroclastic unit. The units were therefore derived 
from the same andesitic volcanic center. 
The Jasper Lake andesite is younger than the ·under-
lyin>.T P:"reenstone unit, and is certainly older than the 
Cgishke conglomerate of the Knife lake Group to the 
west. The a ge relationships between the Jasper lake 




The presence of massive, quenched and pillowed 
basalts, usually of tholeiitic composition in associa-
tion 'Ni th occasional komatii tic basal ts (Brooks and Hart, 
1974), as observed in many areas including Jasper Lake, 
has been interpreted to represent many types of tectonic 
environments: floor (Gale, 1973), island arcs 
(Brooks and Hart, 1972), and primitive crust (Viljoen 
and Viljoen, 1969). 
The most striking characteristic of such rocks from 
the greenstone unit at Jasper Lake is their interlayer-
ing with intermediate to felsic members, namely a ba-
sal t-andesi te-da.ci te suite. The evidence is compelling 
that these Archean volcanic associations are analogous 
to modern island a.re environments and tectonic settings 
(',.iilson et a.l., 1965, "Sara.gar and Goodwin, 1969, Folins-
bee et al., 1968, Anha.eusser et al., 1969, and Ha.rt et 
al., 1970). 
The occurrence of both pillow structures and 
quench textures in the ma.fie lavas within the Jasper 
Lake greenstone characterize submarine volcanic flow 
eruption and deposition. The poorly developed vesicu-
larity of the basalts and lack of observed flow-surface 
features, also suggest subaqueous deposition. There-
fore, massive, fine-grained basaltic flows within this 
ma.fie seq'J.ence also are interpreted as mostly or wholly 
submarine. 
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Metadiabase within the Jasper Lake greenstone is 
thought to have been intruded contemporaneously with the 
basalts forming large, irregular, bodies 
mainly within the eastern portion of the unit. They 
are believed to be consanguineous with the basalts be-
cause of their mafic character, aYJ.d probably were ip-
truded at shallow depths within the dominantly basaltic 
volcanic pile. 
· Small, irregular and discordant intrusive plugs 
and/or stocks of porphyritic andesite-dacite probably 
represent contemporaneous intrusions either with the 
basalt flows, the Jasper Lake andesite, or even some 
later time. The andesite-dacite intrusions probably 
are representative of late-stage differentiates from 
an original mafic magma. These bodies never reached 
the surface, but attained shallow within the 
volcanic pile producing their fine-grained groundmass. 
The occurrence of a few small lenses of finely 
laminated tuff within the greenstone unit suggests pro-
bable brief interruptions of lava flow extrusion during 
volcanic activity. Possible erosion or non-deposition 
of basaltic flows allowed for a brief period of depos-
ition of tuffaceous material. This material was pro-
bably deposited as volcanic ash emanations from a near-
by volcanic center. Pillows also rest directly on tuff-
aceous layers indicating subsequent submarine eruption. 
After an initial episode of basaltic eruption and 
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build-up of a large, thick, platform of ma.fie la.vas 
(forming the greenstone unit), andesitic, and later dac-
i tic volca.nism commenced. Pyroclastic debris was de-
posited along the flanks of the growing volcano(es) and 
sloughed into adjacent basins or depressions. Mudflows 
swept down valleys and depressions, incorporating all 
types of debris over which they passed. 
The Jasper Lake pyroclastic unit probably origin-
ated in one of two principal ways - either the debris 
was eroded from an adjacent source area(s) underlain 
by unconsolidated andesite and dacite volcanic rocks 
and deposited largely by volcanic mudflows or lahars 
(second-cycle lahars), or it is a primary pyroclastic 
deposit. Differentiation between the two possibilities 
is difficult on the basis of the information known. 
The major portion of the pyroclastic unit, con-
sisting of massive, unsorted, volcanic breccia, appears 
to have been deposited by large, turbulent mudflows of 
volcanic origin. Similar breccia lithologies have been 
observed and described in various parts of the world 
(Jagger, 1908, Anderson, 19JJ, Morimoto and Ossaka, 1955, 
Kullineaux and Crandell, 1962, Fiske, 1963, Fiske and 
1964, Schmincke, 1967, Lydon, 1968). 
Terminology for such mudflow-type depos .i ts is con-
fused. The terms lahar, pyroclastic flow, and volcanic 
mud flow are commonly used interchangeably. Lahar is an . 
Indonesian word which refers to all types of hot or cold 
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mudflows, of volcanic origin or otherwise, and a.re essen-
tially epiclastic (Fisher, 1961). Therefore, volcanic 
mudflows, either hot or cold, can be generally termed 
laharso 
Mudflows, as defined by MacDonald (1972), are 
essentially slurries of fine material mixed with water 
to form a mud that flows down a mountainside under the 
driving force of gravity. 
Pyroclastic flows are defined by Fiske (196J) as 
flows of freshly erupted pyroclastic debris which usu-
ally contains pumice, vesicular fragments or glass shards. 
They have been confused with laha.rs, as characteristics 
of both depositional mechanisms are extremely difficult 
to distinguish. 
Application of Fisher's (1960) criteria for dis-
tinguishing lahar deposits from pyroclastic flow depos-
its to these rocks indicates the Jasper Lake volcanic 
breccias were probably deposited as lahars. Lack of 
sorting, mixing _from lower contacts (e.g. fragments of 
\. 
underlying e-:reenstone, tuff, or graywacke-argillite), 
and large rounded fragments indicate deposition by 
either lahars or pyroclastic flows, but tends to pre-
elude deposition from the air. The Jasper Lake breccias, 
like those near Mt. Rainier, Washington (Fisher, 1960), 
are heterogeneous in composition consisting of fragments 
from clearly different sources, lack vesicular or glassy 
fragments, and contain rounded and broken mineral 
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fragments (especially plagioclase) in various stages of 
alteration, which all indicate deposition by la.ha.rs. 
In addition, there is no evidence of fumarolic action, 
a characteristic of pyroclastic flow deposits (Williams, 
1949' 19 56) • 
Many volcanic breccias of the Jasper Lake area do 
not display a variety of distinguishing characteristics, 
and could be attributed to either lahar or pyroclastic 
flow deposition. Therefore, deposition of the volcanic 
breccias, in general, was probably a result of a com-
bination of the two mechanisms, with the laharic mech-
anism recognizably dominant. 
Most of the Jasper Lake volcanogenic rocks were 
probably deposited in water. Thin interbeds of massive 
and finely laminated tuffs, la.pilli-tuffs, and gray--
wacke-argillites within the volcanic breccias, similar 
to those within the Tertiary Ohanapecosh Formation in 
Washington (Fiske and others, 19cJ) suggest subaqueous 
deposition. The. poor ··occasional vertical grad-, 
ing, continuous and even bedding, and rare graded and 
convoluted beds, suggest deposition in quiet water, 
possibly partially by turbidity currents, as suggested 
by Fiske (1963). This could have taken place by rapid 
settling from ash falls in fairly quiet water or slower 
settling from masses of suspended ash or epiclastic de-
tritus that washed into the basin. 
Sedimentary structures such as irregular bedding, 
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wispy cross-laminations, rip-up clasts within tuffs, 
slump structures, and fine laminae observed within tuffs 
and graywacke-argillites suggest deposition by weak, 
intermittent currents, similar to those found in lakes 
or embayments of the sea. (Fiske and others, 1963). 
The occurrence of relatively minor lenses of vol-
canic conglomerate, and minor graywacke-argillite with-
in the pyroclastic unit indicates at lea.st a short per-
iod of reworking of unconsolidated debris, other than by 
lahars. Volcanic conglomerates, occurring in a few, 
thick, lensoid bodies, may indicate shallow water, pos-
sibly fluvial reworking of pyroclastic debris in some 
areas, or merely a sudden increase in current action in 
a deep water environment. 
Because of their highly sheared nature, these con-
glomerates may actually represent fault slivers from the 
younger conglomerates to the west of the Jasper Lake area. 
Tonalitic clasts within the volcanic conglomerate may 
have been derived from unknown older granitic rocks, as 
suggested for similar cobbles in conglomerate east of 
Ely , by Green (1972), but they do not resemble 
Saganaga tonalite. 
The eruptions supplying the debris of the pyro-
clas t ic unit may have occurred either above or below 
v:a t e r . I«'lost lahars probably occurred from eruptions of 
soli d ma t erial on land (Anderson, 1933) before entering 
a oceanic basin, since no evidence of quenched 
debris, commonly resulting from subaqueous eruptions 
is observed. 
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No volcanic vents which could have supplied the 
andesitic and dacitic debris of the pyroclastic unit 
have been documented. The increase both in size (up to 
1 meter) and percentage of Jasper Lake andesite fragments 
near the andesite intrusive unit, indicate that the vol-
canic vent was probably quite close or within a few kilo-
meters. Since the strata are presently approximately 
vertical in attitude, this volcanic neck may lie beneath 
the surface, or may have long since been eroded away, 
Another possible vent area could have been to the north, 
where the Saganaga tonalite batholith presently lies. 
Subsequent folding and erosion after intrusion of the 
batholith may have destroyed all evidence of a volcanic 
neck or previous volcanic vent area. Other, more dis-
tant , volcanic vents which served as source areas for 
the accidental andesite, dacite, and scoriaceous basalt 
fragments which were ob"served particularly within the 
southern portion of the pyrocla.stic unit, cannot, as 
yet, be correlated to known rock types. 
The Jasper Lake andesite represents a large, flat-
tened, horseshoe-shaped intrusive body which was em-
placed within both the pyroclastic unit and the green-
stone unit. The andesite possesses chilled margins with-
in areas where its contact with adjacent units is ob-
servable supporting a truly intrusive origin. The 
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roughly parallel relationship between the outline of the 
andesi te unit and the vague bedding recogr1ized within 
the pyroclastic unit indicates the intrusion is sub-
concordant, 
The extreme similarity between the andesiie in-
trusive rock type and the lithologies of the fragments 
of the pyroclastic unit suggest emplacement of the in-
trusion was contemporaneous with andesitic pyroclastic 
accumulation. The a.ndesite intrusion represents a pro-
bable subconcordant apophysis or sill from the main an-
desi tic volcanic vent which was the source for the major 
portion of the pyroclastic unit. Intrusion probably 
occurred when the pyroclastic debris was relatively cool, 
accounting for the formation of wide chilled margins on 
the body. 
The variation in mineralogic composition of the 
Jasper Lake andesite unit from dominantly andesite to 
dacite, and from largely augite and plagioclase pheno-
crysts to very minor amphibole phenocrysts, has been 
observed in other aieas throughout the world, principal-
ly within island arc tectonic environments. The lavas 
of Mt. Victory and extinct Mt. Trafalgar in southeastern 
Papua, nea.r New Guinea, range from olivine basal ts to 
dacites, the most voluminous type being andesite (Taylor, 
1958), which is similar to the at Jasper Lake. 
Jakes and Smith (1970) concluded that these variations 
in phenocryst types within both andesites and dacites 
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could be accounted for by fractional crystallization of 
an original mafic parent magma in concordance with 
Bowen's reaction series (Bowen, 1928), This is in a-
greement with Carmichael, Turner, and Verhoogen (1974), 
who also note these mineralogic variations in 
phenocryst type within andesites and dacites of island 
arc environments is common. 
The tonalite-diorite intrusive, similar in mineral-
ogy and its coarse-grained character to the Sa.ganaga 
tonalite border phase, is thought to represent a cupola 
from the main Saganaga batholith that intruded the green-
stone. Its true source and relationship with surrounding 
rock units can only be assumed given present exposures. 
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CONTACT rriETAMORPHISlVI OF THE JASPER 
LAKE UNITS 
Description of Mineral Assemblages 
Two distinct zones have been mapped within the 
metamorphic aureole of the Saganaga tonalite batholith 
on the b8.sis of mineral assemblages observed in thin 
section (Fig. 11). Zone A is observed thoughout all 
of the Jasper Lake units up to within J0-60 meters of 
the Saganaga tonalite contact and is characterized by 
the assemblage epidote-actinolite-chlorite-albite. Less 
commonly observed additional phases include calcite, 
quartz, ankerite, sericite, and rare pumpellyite. 
Zone B occurs only within the greenstone unit, within 
J0-60 meters of the Saganaga tonalite contact, and is 
characterized by a hornblende-calcic plagioclase as-
semblage. Chlorite and epidote are virtually absent 
in this zone. 
Within Zone-A, the minerai assemblage is dominantly 
' 
metamorphic, although minor relict, primary igneous 
minerals are observed and original igneous textures are 
still preserved. The main minerals developed in this 
zone are 1J-60 percent epidote and actinolite, and very 
minor rare pumpel.lyite. Epidote occurs as aggregates . 
of pale yellow granules, prisms, or needles within 
chlorite, within interstices, or as granules replacing 
plagioclase. Needles of pale green a.ctinolite are 
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ASSEMBLAGES 
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FIGURE 11--AREAL DISTRIBUTION OF METAMORPHIC ZONES 
AND ASSEMBLAGES WITHIN THE JASPER IAKE 
UNITS, COOK COUNTY, MINNESOTA 
- -- --·-- - - -- ---··- -·--- - -
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FIGURE 11--Continued 
MINERAL SYMBOLS USED 
cc = Calcite 
Chl = Chlorite 
Ab = Albite 
An = Anorthite 
Hbl = Hornblende 
Ep = Epidote 
Qtz = Quartz 
Act = Actinolite 
Pr = Prehnite 
Pu = Pumpellyite 
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pseudomorphs after primary pyroxene (augite). Relict 
augite cores within actinolite pseudomorphs are oc-
casionally observed. Greenish chlorite is apparently 
in Zone A possessing anomalous purplish interference 
colors in contrast to the dark green, nearly isotropic 
character of lower grade chlorite. Pumpellyite is ob-
served as small, radiating clusters of needles in one 
locality within the greenstone unit, probably as rem-
nants from older, lower grade metamorphic conditions. 
Quartz, calcite, sphene, magnetite, and sericite occur 
as accessory phases throughout the zone. 
In Zone B, the mineral assemblage is essentially 
metamorphic although the fine grain size of the basalts 
is still preserved. At sbme localities, within 5-10 
me t ers of the intrusive contact, the basalt has become 
more granular. Actinolite and chlorite have been com-
pletely replaced by hornblende which is euhedral to 
subhedral, dark green to slightly brovmish, prismatic, 
and up to 5 mm long. Plagioclise within this zone is 
I,, 
anhedral to subhedra.l, granobla.stic, and occasionally 
appears to have grown around amphibole. Epidote occurs 
in minor amounts with quartz in late vein fillings. 
Ma gnetite together with ilmenite, increase in abundance, 
and comprise up to 3% of the rock. 
Prehnite is observed within the Jasper Lake green-
s t one unit almost exclusively within Zone B. It occurs 
as small, anhedral grains and fine, acicular to massive 
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aggregates predominantly within quartz-epidote or quartz-
calcite veins associated with the Saganaga tonalite 
batholith. In a few specimens, prehnite occurs within 
the basalt flows near the tonalite intrusive contact 
in close association with prehnite in quartz-epidote-
calcite veins. Within the basaltic units, prehnite 
occurs as discrete grains which tend to "overprint" ba-
salt mineralogy. 
Adjacent to observed faults which cut the Jasper 
Lake area. there is a. significant change in the meta-
mornhic mineral assemblages. 1.'li thin approximately 10-
20 meters of the faults, the mineral assemblage pre-
i 
dominantly consists of ca.lcite-chlorite-quartz-magnetite, 
with . lesser amounts of a.nkerite and sphene. Approx-
imately 20 meters from the fault, relict a.ctinolite, 
a.lbite, and epidote can be recognized, and greater than 
20 meters away, the usual greenschist assemblage with 
subordinate calcite is observed. Within 10-20 meters 
of the fault, original igneous textures a.re completely 
reula.ced by these metamorphic mineralogic changes. 
Definition of Metamorphic Facies 
The metamorphic assemblage of Zone A is charac-
teristic of the greenschist facies as defined by Turner 
(1968), particularly as the albite-epidote hornfels 
facies (Turner, 1968), which is mineralogically in sep-
arable from the greenschist fa.cies in ma.fie rocks, and 
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is now considered a 101.ver pressure portion of the green-
schist facies by Miyashiro (1973). 
The metamorphic assemblage of Zone B is typical 
of both the amphibolite and hornblende-hornfels facies 
as defined by Turner (1968). Miyashiro (1973) suggests 
the a.mphibolite facies could apply to both contact and 
regional metamorphic terrains. 
The metamorphic assemblage of prehnite-quartz-
epidote-calcite within veins near the Saga.naga. intrusive 
is indicative of the prehnite-pumpellyite facies as 
defined by Turner (1968). 
Interpretation of Conditions of Meta.morphism 
The Jasper Lake units have undergone two stages 
of contact metamorphism, an initial contact meta.morphism 
recognized in two mappable metamorphic zones, and a 
later distinct retrograde prehnite-pumpellyite facies 
metasomatism in and around veins and veinlets of the 
Saganaga tonalite intrusive wiihin the greenstone. 
' · 
From experimentally determined P-T relations with-
in the facies recognized at Jasper Lake, various phys-
ica.l para.meters can be suggested for metamorphism of the 
Jasper Lake units. 
The Ka.rmutsen basalts of Kuniyoshi and Liou (1976) 
exhibit similar mineralogic changes observed in Zone A 
of the Jasper Lake area, indicating probably similar 
metamorphic processes affected the rocks from both areas. 
Kuniyoshi and Liou (1976) concluded that thermal meta-
morphism probably occurred at relatively high Xc02 and 
x02 , and suggests a set of four reactions as possible 
explanation for the chemical changes such as have been 
observed in the rocks at Jasper Lake. These reactions 
explain the increased production of actinolite (con-
verted from pyroxene), calcite, and quartz as well as 
the increased abundance of calcite and epidote toward 
the contact. 
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The occurrence of pumpellyite within the Jasper 
Lake greenstone unit, in Zone A, has also been observed 
in areas within the Karmutsen basalts and is 
interpreted as a relict occurrence from earlier lower 
grade, prehnite-pumpellyite fa.cies meta.morphism which 
affected both areas. Kuniyoshi and Liou (1976) suggest 
that differing host rock composition or affect of the 
fluid phase on the host rock in this locality, preserved 
the pumpellyi te, At Jasper Lalce, the absence of a pum-
pellyite-ac tinolite assemblage, which is transitional 
between prehnite-pumpellyite and greenschist facies, 
indicates metamorphism occurred under relatively low 
pressure conditions (Seki, 1969)(Fig. 12). 
Physical conditions cari be suggested for the 
prehnite-pumpellyite to greenschist facies metamorphic 
transition within Zone A of the Jasper Lake units. 
Prehnite-pumpellyite burial metamorphism of the Kar-
muts en volcanics is thought to have occurred from 
l. I . 
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= Ca4(Mg, Fe)Al5Si6021(0H) 7 = Ca2(Mg, Fe)5Sia022(0H)2. 
(Fe, Mg) 3si205(CH)4 = 
FIGURE 12--SCHEMATIC PHASE RELATIONS OF ZOISITE-
PREHNITE-PUMPELLYITE-ACTINOLITE-CHLORITE 
IN THE PRESENCE OF EXCESS QUARTZ AND FLUID 
IN THE SYSTEM CaO-Al20;-(Fe,Mg)O-Si02-H20 
(after Kuniyoshi and Liou, 1976) 
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250-350°c and pressures less than 3 kb = Pfluid (Kuni-
yoshi, 1972). Nitsch (1970) demonstrated that the pre-
hnite-p'umpellyite-chlorite-quartz association is stable 
up to 345°c, and that the actinolite-chlorite-epidote-
quartz assemblage of the greenschist facies is stable 
above 350°c (if Pfluid = Ptotal = 2 kb). Therefore, at 
Jasper Lake, 350°c could be considered the minimum temp-
erature for greenschist metamorphism in Zone A, and 
similarly, the maximum temperature for prehnite-pump-
ellyite facies metasomatism in Zone B. 
Physical conditions can also be suggested for 
to amphibolite facies metamorphism in the 
Jasper Lake 5reenstone unit. Liou et al. (1974) has 
indicated an upper temperature boundary of 475°c for 
the type greenschist facies assemblage observed in 
Zone A. He also delineated a lower temperature limit 
of 550°c (P fluid = Ptotal = 2 kb) for the amphibolite 
facies observed in Zone B. Therefore, metamorphism with-
in the Jasper lake greenstone unit occurred at temper-
atures of at least 550°c and Pfluid = Ptotal = 2 kb. 
The mineralogic transition from Zone A to Zone B 
has been studied by Kuniyoshi and lieu (1976) who sug-
gest a number of reactions to explain this transition 
in basaltic rocks. They conclude that substitution of 
Al and for Si ions in amphibole and chlorite causes 
an increase in Al203 and a decrease in Sic 2 component 
i n t hese rocks, producing the observed mineralogic 
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change. Also, Ernst (1968) explains that Al occupies 
an increased number of octahedral and tetrahedral sites 
in the silicate structure, and as temperature rises, 
Fe and N!g ions are more and more rejected by a.mphiboles, 
a.nd are fixed in ilmenite and magnetite in amphiboli tes 
(e.g. in Zone B). 
The occurrences of prehnite, mainly within Zone B 
of the Jasper Lake unit, indicates a late hydrothermal 
event of retrograde prehnite-pumpellyite facies meta-
somatism for which physical conditions can be suggested. 
Glassley (1974) constructed a phase diagram for the sys-
tern CaC-MgC-Al203-Sio 2-co2-H20 for metabasites similar 
in composition to those found in the Jasper Lake green-
stone (Fig. 13). The mineral assemblage represented in 
the veins intruding the Jasper Lake greenstone is re-
presented by the following reaction: 
Prehnite + co 2 = Calcite + Zoisite + Quartz + H20 
Glassley's results indicate that at 2 kb this assemblage 
-is stable when Xco 2 ranges roughly from 0.06 to 0.1 and 
approximately 215-410°c, which, within a limited range 
of oxygen fugacity, represents conditions of prehnite-
pumpellyite fa.cies retrograde metasomatism of the green-
stone unit at Jasper Lake. 
The observed carbonate mineral assemblages in and 
around fault zones within the Jasper Lake units can, 
therefore, be explained as the result of the influence 
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FIGURE 13--PHASE DIAGRAM OF THE SYSTEM cao-rr:gO-Al203-
Si02-C02-H20 AT 2 KB (after Glassley, 1974) 
and amphibolite facies metamorphism of these rocks. 
Harte and Graham (1975) studied such effects in meta-
basites. They suggest that reactions involving both 
H2o and co 2 will often involve formation of carbonates 
at the expense of silicates, especially Ca-silicates, 
producing the mineral assemblages observed above. The 
following reactions are suggested to illustrate 
effect: 
Calciferous amphibole + co 2 + H20 = 
Calcite + Shlorite + Quartz 
Actinolite + Calcite + co 2 = 
Ankerite + Quartz + H2o 
Using available data on greenschist facies meta-
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basi tes of Billings and Vv'hi te ( 19 50), Harte and Graham 
(1975) constructed a schematic T-Xco diagram (Fig. 14) 
2 
to illustrate the effect of increased , which can 
u 2 
also be applied to the rocks at Jasper Lake. Five 
principal assemblages, denoted by roman numerals in 
Figures 14 and 15, can be recognized. Zone I consists 
of the typical greenschist facies assemblage observed 
throughout most of the Jasper lake area. Zone II re-
presents the addition of calcite to the greenschist 
assemblage, such as is observed approximately 20-100 
meters from the faults, and in scattered areas through-
out the area.. Zone III corresponds to the albite-chlor-
i t e-calcite-quartz assemblage found dominantly within 
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FIGURE 14--SCHEl'vlATIC ANALYSIS OF RELATIONSHIPS IN 
T-Xco2 ISOBARIC SECTION OF QUARTZ-, 
EPIDOTE-, AND FLUID BEARING GREENSCHIST 
FACIES METABASITE ASSEMBLAGES IN THE 
SYSTEM CaO-Al203-(Fe,Mg)O-Si02-HzO-C02 





I Low and unbuffered Xco"2 assemblages w/o carbonate 
II Low-intermediate and buffered Xco2 assemblages 
III Intermediate and unbuffered Xco2 assemblages 
IV High-intermediate and buffered Xco2 assemblages 
V High and unbuffered Xco2 assemblages 
MINERAL SYM30LS 
Act = Actinolite 
Ep = Epidote 
Chl = Chlorite 
Ct = Calcite 
Ank = Ankerite 
Qtz = Quartz 
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albite - chlorite - epidote - actinolite 
albite chlorite epidote - actinolite - calcite 
albite chlorite calcite quartz 
albite - chlorite - calcite - quartz - ankerite 
albite - chlorite - ankerite 
FIGURE 15--SCHEMATIC DIAGRAM OF TYPICAL ZONING 
CF METAMORPHIC fGNERAL ASSEMBLAGES 
ADJACENT TO FAULTS WITHIN THE JASPER 
LAKE AREA 
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(actinolite, usually) is absent and calcite is the prin-
cipal Cao-bearing phase. In Zone IV, FeO- and MgO-
bearing carbonate (principally ankerite) is an addition-
al phase of the assemblage of the previous zone. It 
is characterized by minor, small areas immediately ad-
ja.cent to the faults. Zone V assemblages a.re not ob-
served in the Jasper Lake area. 
In general, evidence of carbonate-bearing mineral 
assemblages in the Jasper Lake area associated with 
shear zones indicates some initial fault movement and 
the presence of co 2-rich fluids along these faults to 
produce these assemblages. The observed mineral as-
semblage zonation next to these faults suggest X"O 
v 2 
reached approximately 0.5 (Harte and Graham, 1975). 
This X"n value is located schematically, since the 
Vl...- 2 
values of P and T a.re not known in Figure 14. 
\ 
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STRUCTURE OF THE JASPER LAKE AREA 
General Statement 
In the Jasper Lake area, as well as in the rest of 
the Vermilion district, structural relationships must 
be considered together with stratigraphic relations to 
gain a reasonable understanding of the area.. The struc-
tures of most importance are the following: (1) prim-
ary depositional structures such as described above, 
(2) intrusive relationships of hypabyssa.l and plutonic 
rocks, also discussed above, (J) faulting , (4) folding, 
and (5) jointing . 
Faults 
Gruner (1941) first recognized the significance 
of faulting in the eastern Vermilion district. It is 
considered of prime importance in reconstructing geo-
logic relationships within the Jasper Lake area.. 
' · 
The most commonly 8bserved evidence of faulting 
is the physical condition of the rock. For instance, 
within all fa.ult zones in the area the rocks exhibit 
varying de grees of schistosity or shearing producing a 
fi s sile fabric. 
Primary t extural features are usually destroyed 
within fault zones and owing to their greater suscepti-
bili t y to erosion, actual faulted contacts are rarely 
observed, but a.re commonly expressed as topogra.phically 
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low, trench-like lineaments, which are visible both on 
the ground and on aerial photographs. 
These lineaments, together with the displacement 
of the contacts between rock units, imply faulting has 
occurred 2). Unfortunately, the amount of vege-
ta.tion, lake, bog, and minor glacial drift cover make 
direct recognition of even weathered fault surfaces or 
zones difficult. 
There are strongly developed lineaments in some 
areas which show no discernible offset of rock units. 
The absence of offset may result from: (1) the lack of 
mappable contacts between the structural units which 
would demonstrate displacement, (2) displacement may 
be mainly vertical, thus exhibiting no visible offset 
in vertical beds, (J) the fact that only minor dis-
placement has occurred. 
Faults within the Jasper Lake area are generally 
believed to have near-vertical dips. Although extensive 
fault planes were not observed; slickensided surfaces 
' 
were noted which may represent a fault surface in a 
few localities, These surfaces display near-vertical 
dips. 
Shear zones are common throughout the Jasper Lake 
area, many of which a.re associated with mappable faults. 
They are defined as zones of intense cataclasis with 
observable offset not necessarily noted of the rock 
units, and range in width up to 200 meters. They 
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display gra.dationa.l contacts and much iron-staining and 
pyrite. Most shear zones tend to obliterate matrix or 
groundmass textures and structures and form a foliation 
a.round clasts and fragments, if present. 
Many of the faults in the area probably continue 
beyond the limits shown on Plate 2, but they were not 
extended because of the absence of direct evidence. 
The east shore of Ogishkernu.ricie Lake is defined by 
a. large northeast-trending, high-angle fault (Gruner, 
1941). The fault extends from the southern part of Sec. 
7, T.65N., R.5W., southwestward, to the northern part of 
Sec. 26, T.65N., R.6W., and truncates structural trends 
of the Jasper Lake area.. The fa.ult appears to terminate 
or die out just west of Redpoll lake in Sec. 7, T.65N., 
R.5W., within the northeast-trending, vertical beds of 
the Ogishke conglomerate of the Knife Lake Group. How-
ever, it may be an intraforma.tional fault which continues 
to the northeast within the conglomerate, but is not 
readily observable on the surface. This fault is charac-
terized mainly by shearing and vertical foliation within 
a zone 150 meters wide. Clasts and fragments within 
both the Ogishke conglomerate to the west, and the pyro-
cla.stic unit to the east are intensely fractured and 
mylonitized. In addition, vertical lineations of a few 
stretched cla.sts a.re also observed, notably north of 
r·:ins;fisher lake in the T-..T\"li , Sec. 18, T.65'.'T., R.5W., 
wi t hin the fault zone. The lineations are probably 
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related to vertical displacement of the fault. 
The extent of horizontal separation along the right 
lateral displacement of this fault is unknown. Vertical 
displacement was estimated as 3-4 km by Gruner (1941) 
on the basis of displacement of large thicknesses of 
the juxtaposed units. 
A major west-northwest-trending curvilinear fault 
was also observed along the north shore of Jasper Lake. 
It extends from the NVT%, Sec. 18, T.65N., R.5W., at 
Kingfisher Lake, where it trends N90°w, to the central 
part of Sec. 17, T.65N., R.5W., just west of Tern Lake, 
where it trends N65°W. The fault zone is 5-10 meters 
wide and is characterized by a large amount of carbonate 
and intense shearing. Iron-staining, abundant pyrite, 
and slickenside surfaces were also observed. This 
fault is truncated and displaced at its eastern extent 
by a N35°W-trending fault. Horizontal separation of the 
main fault surface along this fault is at least 1000-
1500 meters. The displaced portion of the fault prob-
'-
ably continues 20 km to the east and connects with the 
Lookout Fault described by Morey (personal communication, 
·1977) in the Long Island Lake quadrangle. 
The NJ5°W-trending fault, above, stretch-
es from the central part to the SEi, Sec. 17, T.65N., 
R.5W., and probably continues beyond the limits indicated 
on Plate 2. It continues north to N10°W from a point 
jus t south of the Jasper-Tern Lakes portage, about 
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700 meters through a portion of Jasper Lake as suggested 
by shearing and carbonate in these areas. The southern 
extent of this fault may continue southeastward approx-
imately 0.5 km, cross-cutting the Jasper Lake andesite 
and accounting for the sudden change in thickness of 
the andesite in the N"\v:L Sec. 21, T.65.N., R.5W. 
Two smaller faults are also observed in the area: 
one, trends NJ0°W, and extends from east central Sec. 
18, at Jasper Lake, to I\TIN:L Sec. 20, T.65N., R.5W., at 
Ray Lake, and the second, trends NJ5°E, and is located 
just south of Jasper Lake in the Sec. 19, T.65N., 
R.5W. These fault zones are characterized by a high 
degree of shearing and carbonate, together with pyrite. 
The northwest-trending fault from Jasper to Ray 
Lakes is right lateral with an approximate horizontal 
separation of 200 meters. Likewise, the fault south of 
Jasper Lake is left lateral, with at least 50 meters of 
horizontal separation. 
The NJ0°W-trending fault, cutting Jasper and Ray 
Lakes, as mentioned above, probably continues to the 
southeast as suggested by the abrupt thickening of the 
andesi te unit ·within the central part of Sec. 20, T. 65N., 
R.5W., although no direct evidence for the existence 
of such a fault was observed. The relationship of this 
fault with the major west-northwest-trending fault is 
unknown. 
The small NJ5°E-trending fault, south of Jasper 
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Lake, may continue a short distance to the southwest as 
suggested by intense shear zones across a small lake in 
the area. 
Folds 
On a. broad scale, the entire sequence at Jasper 
Lake faces southwest, and thus forms a homoclinalt ver-
tical sequence. To some extent, only local · secondary 
folding is exhibited about fold axes of unknown plunges 
with amplitudes up to 0.5 km wide. This is in contrast 
to the rest of the eastern Vermilion district in which 
most fold axes are steep (Gruner, 1941). 
The Jasper Lake greenstone unit exhibits little 
evidence of folding. Top directions from relatively 
few (5 localiiies) pillow structures are consistently 
to the southwest except for one northeast-trending 
reading. No marker beds were traced laterally because 
of the lack of exposure and irregularity in thickness 
of the units. 
In the southwestern portion of the area, within 
the pyroclastic unit, top directions alternate from 
generally southwest to northeast, indicating folding 
with vertical (isoclinal) limbs. These folds have a 
west-northwest (N60-8o 0 w) trend with amplitudes up to 
800 meters. \Jhether the fold axes are shallow or steep 
in this area. is unknown as collected data in the area 
do not allow distinction between these two choices. 
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Depositional structures that indicate stratigraphic 
younging directions were found in few exposures (11 lo-
calities) within the pyroclastic unit. Therefore, few 
folds a.re indicated directly on the geologic map 
(Plate 2). 
Phenocryst lineations within the Jasper Lake an-
desi te are also scant, but are always subhorizontal 
and parallel to the outline of the uriit. 
Joints 
Vertical jointing is common in the Jasper Lake 
area, · especially near contacts between rock units. They 
are usually best developed within the pyroclastic unit, 
and typically parallel rock unit contacts or fault 
traces. 
Thirty-eight trends of vertical joints were 
measured and plotted on a rose diagram in Figure 16, 
and produce a preferred, roughly east-west direction. 
A minor set of joints trending approximately N4o 0 w 
is also noted. 
Interpretation 
The Jasper Lake area is a structurally complex 
segment of the eastern Vermilion district. The scarcity 
of well exposed structural indicators within the area 
makes interpretation difficult. 




0 2 4 6 8 
Number of 
128 
FIGURE 16--ROSE DIAGRAM OF ALL VERTICAL JOINT TRENDS 
IN THE JASPER LAKE AREA. 
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study, three structural interpretations of the Jasper 
Lake area are proposed. These three interpretations are 
based upon two important assumptions: (1) the Jasper 
Lake greenstone is the oldest unit in the area, and is 
conformable wi:th the overlying pyroclastic m1it, and 
(2) the Jasper Lake andesite was intruded prior to 
faulting of the Jasper Lalce uni ts. 
The first interpretation assumes that east-west 
faulting within the Jasper Lake area occurred before 
folding. Subsequently, isoclinal folding took place 
along essentially east-west-trending fold axes. In 
this model, the arcuate structure formed by the Jasper 
Lake a.ndesite and pyrocla.stic units, which is convex to 
the west, would represent an antiform with an axis that 
plunges gently to the west. Scant bedding indications 
within the pyroclastic unit show topping directions 
which radiate from the andesite intrusive on the west, 
and support an antiforma.l interpretation. 
However, this interpretation introduces several '- -
problems. One is the proposed conformable relationship 
observed in one locality on the north shore of Jasper 
Lake between a fault sliver of greenstone and vague 
bedding in the pyroclastic unit discussed above. 
Serious stratigraphic problems arise since unfolding of 
the proposed antiform would indicate that the greenstone 
sliver occurs stratigraphically within the pyroclastic 
unit inste2.d of underneath it. This assumes no vertical 
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motion on the main east-west fault occurred. - Another 
problem is the mechanical feasibility of faulting the 
area before folding to produce the observed outcrop 
pattern. One would expect faulting followed by folding 
to produce a displacement of fault traces and fault 
relationships, and uniformly affect the rocks on either 
side of the faults. These conditions were not observed 
in the Jasper Lake area. 
A second interpretation that folding in the 
area preceded faulting, and that in most places, two 
episodes of folding must have occurred to produce the 
observed structural pattern. 
The arcuate structure of the andesite and pyro-
clastic uni ts, described above, therefore, ma.y represent 
a fold with either a horizontal or vertical fold axis. 
If the axis is horizontal, the structure is probably a 
synform, in which the (older) greenstone unit, at one 
time, '.'!rapped around this arcua.te structure to the west, 
but now cut by the NJ5°W-trending longitudinal fault. 
This implies only one period of folding (isoclinal) is 
necessary to explain the observed pattern. If the axis 
is vertical, the fold could be interpreted as either a 
synform or an antiform. In this case, these rocks were 
probably initially folded isoclinally, and then subjected 
to an additional folding which tilted the fold axes. 
A synformal structure is more mechanically feasible 
tha.n a.n antiform in that, the older greenstone unit in 
the area lies spatially outside of this structure. 
Antiform formation with the observed spatial pattern 
of rock units is stratigraphically untenable. 
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This second interpretation also raises many 
problems. TOR directions west of Tickle Lake suggest 
an antiformal structure rather than a synform for the 
arcuate pattern observed. The top direction indicators 
in this area, however, may have been disrupted by net 
slip (left lateral) along the main northeast-trending 
fault to the west, incorrectly recording top directions. 
The stratigraphic position of the greenstone fault 
sliver and conformable pyroclastic unit also negates 
this interpretation. 
The third interpretation assumes that the andesite 
intrusive is essentially unfolded. Thus, the intrusive 
represents an irregular, subconcordant, possibly flat-
tened, intrusive body. Therefore, this implies the 
Jasper Lake sequence represents a N65-75°W-trending, 
homoclinal sequence in \ which folding occurred, 
followed by faulting. 
This interpretation raises fewer problems than 
the previously mentioned interpretations. The strati-
graphic problem is avoided since the greenstone sliver 
can be internreted as occurring at the bottom of the 
sequence. This interpretation is mechanically feasible 
and requires only one deformational period. 
A hypothetical structure section is illustrated 
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in Figure 17 according to the third interpretation. 
The age of faulting is known only within very 
wide limits. Since no faulting was observed in this 
study cutting the Saganaga batholith, it is difficult 
to relate it temporally with the intrusion of the bath-
olith. 
The faults within the Jasper Lake volcanic units 
occurred prior to Ogishke conglomerate deposition and 
faulting along the NJ5°E (Ogishkemuncie) trend, as they 
are truncated to the west by this northeast-trending 
fa.ult and the units of the Knife Lake Group. 
This northeast-trending fault cuts, but apparently 
dies out within units of the bgishke conglomerate which 
contains Saganaga detritus, therefore dating it as at 
least post-Sagana.ga intrusion and post-deposition of 
the Knife lake Group (specifically the Ogishke conglom-
erate) in age, The fault may continue to the northeast 
as an intraformational fault within the Ogishke conglom-
erate, which is not expressed or observable directly 
on the surface. This fault does not cut the Duluth com-
plex to the south, and therefore, is older than Kewee-
nawa.n (1,1 billion years old) (Gruner, 1941). 
The age of folding in the area is assumed to be 
early Precambrian in age since no other evidence is 
fo•1nd in the region for major crustal instability be-
tween Algoman and Animikie sedimentation. The faults 
the Jasper Lake units probably occurred during 
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or slightly later than intrusion of the Saganaga bath-
olith. If, indeed, folding in the area was the result 
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of Saganaga intrusion, faulting probably occurred shortly 
after, during the intrusive event. 
A second folding event affected the major portions 
of the ea.stern Vermilion district exclusive of the Jas-
per Lake area including the Ogishke conglomerate, and 
folded these rocks on northeast-trending fold axes. 
Jointing in the area occurred after Sagana.ga ton-
ali te intrusion and affected all of the Jasper Lake 
units. They may have occurred as a result of cooling 
and contraction affects of the Saganaga. intrusion, re-
newed movement in the area from other sources, or re-
flect affects of glacial unloading and isostatic re-
bound of the bedrock in the area. 
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SUMMARY AND CONCLUSIONS 
Geologic History of the Jasper Lake Area 
The Jasper Lake area developed within a tectonic 
environment similar to modern island arcs, commencing 
with an episode of ma.fie volcanism. The nature of the 
basement rocks on which these volcanic rocks were de-
posited is unknown. It was accompanied by intrusion 
of synvolca.nic hypabyssal rocks such as diabase and 
andesite-dacite, which never reached the surface. Vol-
ca:'lism was mostly subaqueous and magmas were mainly a 
basaltic composition, building up a sequence to at least 
1000-1500 meters thick as presently preserved. Minor 
interruptions in volcanic activity resulted in local 
deposition of tuffaceous sediments. 
Volcanism continued with deposition of dominantly 
a.ndesitic and lesser dacitic pyroclastics (breccias, 
tuffs), The pyrocla.stic debris was deposited largely 
as volcanic mudflows or la.ha.rs. Locally, stable con-
ditions prevailed allowing deposition of interbedded 
tuffs, conglomerates, and gra.ywa.cke-argillites derived 
from erosion of the upper part of the volcanic edifice. 
Hypabyssal intrusives, such as the Jasper Lake andesite 
were intruded into the pile penecontemporaneously with 
pyroclastic activity. The andesite is also consanguin-
eous with the pyroclastic debris. 
Further crustal instability, erosion, and deposition 
136 
produced a thick (at least 1.6 km) sequence of gray-
wacke-slates. These rocks were deposited in a deep 
ocean basin next to the volcanic center. 
After an unknown period of time, this sequence was 
intruded by the Saganaga tonalite batholith which both 
deformed and metamorphosed the Jasper Lake rocks. The 
batholith was intruded during the Algoman orogeny and 
is dated a.t 2.7-2.75 billion years old (Goldich, 1968). 
The intrusion folded the Jasper Lake strata isoclinally 
along west-northwest-trending fold axes. It also raised 
the grade of meta.morphism from previous regional green-
schist fa.cies to amphiboli te facies within the mafic 
volcanics along the intrusive contact. Late retrograde 
prehnite-pumpellyite fa.cies metamorphism, largely with-
in veins along the contact, also affected the ma.fie 
volcanics and was possibly associated with Saga.naga 
intrusion or regional metamorphism. 
The basaltic rocks of komatiitic composition, 
found almost exciusively within the Archean, together 
\. 
with the Sa.ganaga tonalite are thought to have been 
mantle derived (Brooks and Hart, 1974, and Goldich, 
1968). 
After, or during the later stages of intrusion of 
the batholith, a.nd after folding, the Jasper Lake units 
were faulted on predominantly east-west to northwest 
trends. 
Uplift and unroofing of the Sagana.ga batholith 
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provided a large portion of the detritus for deposition 
of the Ogishke conglomerate of the Knife Lake Group. 
As the Saganaga tonalite continued to rise, the 
Ogishke conglomerate and younger units were deformed 
and folded isoclinally along steep northeast-trending 
fold axes. Jasper Lake volcanic units were unaffected 
by this later stage of deformation because of their 
higher competency than Kriife Lake conglomerates, gray-
wackes, and slates. 
A second episode of faulting, along a northeast-
trend, affected the ea.stern Vermilion district. This 
episode produced a. major NJ5°E-trending fault which 
truncated the Jasper Lake area on the west, and cut 
both the Jasper I.ake units and the Cgishke conglomerate 
of the Knife Lake Group. The fault a.pp2.rently dies out 
within the Ogishke conglomerate at the northern extent 
of the area where these rocks trend northeastward and 
unconformably overly the west-northwest-trending rnafic 
volcanics of the Jasper Lake a.rea. The fault may con-
tinue northeastward within the conglomerate as an in-
traformational fault. 
The effects of the Keweenawan intrusions and ex-
trusions to the south of the area on the Jasper Lake 
uni ts are 
A large interval of time, up until the Pleistocene, 
was characterized by erosion and lowering of topography 
in the Jasper lake area. 
During Pleistocene time, ice sheets of the Rainy 
Lobe (15,000 years ago) scoured off the rock surfaces 
and deposited a thin, patchy veneer of glacial drift. 
Conclusions 
Significant conclusions which can be drawn from 
this study are: 
(1) The Jasper Lake area represents the basal portion 
of the regional lower Precambrian metavolcanic-
metasedimentary pile of the eastern Vermilion 
district. 
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(2) The rocks of the Jasper Lake area have been iso-
clinally folded as well as faulted. The main NJ5°E-
trending fault, truncating the area on the west, 
continues to the northeast from its extent drawn 
previously (Gruner, 1941), a.nd cuts the Jasper Lake 
greenstone. It may die out within the Cgishke 
conglomerate of the Knife Lake Group to the north. 
The Jasper Lake and pyroclastic units ·-· 
are largely separated by high-angle faults. Similar 
left and right lateral faults, v.Jith up to 200 meters 
of horizontal separation, also occur within the 
area. 
(J) The contact between the Jasper lake greenstone and 
the Saganaga tonalite batholith is not faulted, as 
previously assurr:ed (Gruner, 1941, Clements, 1903), 
but represents a gradational metamorphic contact 
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of branching net1/JOrk-like tonali tic and quartz-
rich veins within the greenstone unit. 
(4) The Saganaga batholith raised the metamorphic grade 
of the Jasper Lake greenstone to amphibolite facies 
within a J0-60 meter wide zone along the contact. 
A late, retrograde prehnite-pumpellyite facies 
metasomatism within the greenstone also occurred. 
effects are largely apparent within the 
tonalitic and ouartz-rich veins intruding the . 
greenstone along the contact zone. 
(5) The Jasper Lake andesite is an unfolded, contemp-
oraneous, subconcordant intrusion with the Jasper 
Lake pyroclastic unit instead of a folded lava 
flow as previously assumed (Gruner, 1941). 
(6) The Jasper Lake pyroclastic unit is composed dam-
inantly of breccias and tuffs rather than agglomer-
ate or conglomerate as previously assumed (Gruner, 
1941). 
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